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ABSTRACT
The present study describes the preliminary evaluation of Philippine medicinal plants Artemisia 
vulgaris, Chrysanthemum coronarium, Moringa oleifera, Sesbania grandiflora and Vitex 
negundo for their antagonistic activity at selected biogenic amine receptors on smooth muscle 
of the airways, gastrointestinal tract and vascular system.
The antagonistic activity of these plants were studied against dose-response curves for 
contractions of the guinea pig ileum, trachea and aorta to 5-hydroxytryptamine (5-HT2 
receptors), methacholine (M3 muscarinic receptors), histamine (Hj receptors), phenylephrine 
(di-adrenoceptors) and P-phenylethylamine (trace amine-associated receptors, TAARj).
The methanolic extracts of S. grandiflora (flowers and leaves) revealed the presence of 
histamine Hi receptor and muscarinic M3 receptor antagonist in the ileum. The A. vulgaris 
chloroform (AV-CHC13) and methanol (AV-MeOH) extracts, and the acid-base extract of V 
negundo (VN-E) showed histamine Hi antagonism in the ileum and trachea. Further analysis of 
AV-CHC13 isolated two major components yomogin and 1,2,3,4-diepoxy-l l(13)-eudesmen- 
12,8-olide. Yomogin a sesquiterpene lactone exhibited a novel histamine Hi receptor 
antagonism in the ileum. Repeated exposure of aortic rings to phenylephrine and [5-PEA CRCs 
produced significant increases in maximum vascular tension due to enhanced intracellular Ca2+ 
mobilization. Both the AV-CHC13 and VN-E inhibited this enhanced response. Further analysis 
of AV-CHC13 revealed that it is probably inhibiting the increase of vascular tone mediated via 
intracellular Ca2+ release regulated by ryanodine.
This study further validates the traditional use of S. grandiflora, A. vulgaris and V negundo in 
the treatment of hyperactive gut, asthma and hypertension.
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General Introduction
CHAPTER 1
1.1 Introduction
Discovery of new biologically active compounds is one of the motivating forces behind 
much of phytochemical research (Cseke et a l, 2006). The total number of plants 
species is estimated at around 250,000, however, only 6 % have been evaluated for 
biological activity screening and 15% have been submitted for phytochemical screening 
(Fabricant et al., 2001). Cseke et al. (2006) estimated that about 80% of the all 
medicines are originally derived from plant or “natural” sources. He further stated the 
high degree of certainty that plant-derived medicines and other useful compounds can 
still be discovered, characterized or evaluated for their novel bioactivity given the low 
percentage of plant species being examined.
In the present study five selected Philippine medicinal plants {Artemisia vulgaris, 
Chrysanthemum coronarium, Moringa oleifera, Sesbania grandiflora and Vitex 
negundo) known traditionally to cure an array of diseases were harvested in the 
Philippines and pharmacologically investigated for their possible role in diseases 
related to the airways, vascular system and gastrointestinal (GI) tract.
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1.2 Biogenic Amines
Biogenic amines are substances containing an amine group that are derived from life 
processes (Figure 1.1) (Paxon et al., 2005). Some of the major groups of compounds of 
biogenic amines include histamine, 5-hydroxytryptamine (5-HT) and the three 
catecholamines (dopamine, noradrenaline, and adrenaline) (Blaschko, 1957). In the 
central and peripheral nervous systems these compounds are also well-known 
hormones and neurotransmitters (Hashiguchi et al., 2007; Rudnick et a l, 1993). 
Another group of endogenous biogenic amines which are present in very small amounts 
in the mammalian tissue are the trace amines which include f3-phenylethylamine, 
tyramine, octopamine and tryptamine (Burchett et al., 2006; Grandy, 2007; Zucchi et 
al., 2006).
1.2.1. 5-HT (serotonin)
5-HT is found in the wall of the intestine, in blood platelets, and in the enteric and 
central nervous systems where it acts as a neurotransmitter (Gershon, 1999; Gershon et 
al., 1981; Turetta et al., 2002). Endogenous 5-HT is biosynthetically derived from the 
amino acid tryptophan were approximately 95% of the body’s total 5-HT is confined 
and synthesized in the enterochromaffin cells in the gut where it is released and 
eventually taken and stored by blood platelets (Berger et a l, 2009; Racke et al., 1995; 
Reimann et al., 1994). In the CNS it is synthesized in the serotonergic neurons (Young 
et al., 1989). Eventually 5-HT is metabolized by the enzymes monoamine oxidase A
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and aldehyde dehydrogenase in the liver to form the product 5-hydroxyindoleacetic 
acid (5-HIAA) which is excreted in the urine (Figure 1.2) (Ruddell et al., 2008).
Major biogenic amines
OH OH
HN. NH.
HO
OH OH
(R)
Adrenaline Noradrenaline
5-HT
HO
HO
Dopamine
NH,
Trace amines
NH,
HO
NH2 HO
p-phenyiethyiamine
OH
p-tyramine
p-Octopamine m-Octopamine
m-tyramine
Tryptamine
NH,
Figure 1.1. Structures of the biogenic amines (Zucchi et a l, 2006).
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5-HT is known to play important roles in number of physiological processes such as 
initiation of secretory and peristaltic reflexes in the gut, smooth muscle contraction/ 
relaxation (Foxx-Orenstein et al., 1996), platelet aggregation (Glusa et al., 1989), 
stimulates nociceptive sensory nerve endings and can excite/inhibit neurons (Oliveira et 
al., 2007; Steenwinckel et al., 2009). It is also known to be associated with diseases 
like hypertension, pulmonary hypertension, migraine, nausea and vomiting, eating 
disorders and irritable bowel syndrome (Gilman et al., 1990; Reimann et al., 1994; 
Ruddell et al., 2008; Wijngaarden et al., 1990).
COOH
Tryptophan
H
Tryptophan hydroxylase
COOH
5-Hydroxytryptophan
H
L-Aromatic add decarboxylase
(=dopa decarboxylase)
5-HT (serotonin)
H
Monoai
H
aldehyde dr
COOH 5-Hydroxyindoleacetlc acid (5-HIAA)
H
Figure 1.2. The pathway for the synthesis of 5-HT from tryptophan (Fitzpatrick, 1999)
CHAPTER 1
1.2.2. Histamine
Histamine, a basic amine, is a product of the decarboxylation of the amino acid 
histidine by histidine decarboxylase (Cowan et al., 1971). Once formed it is rapidly 
inactivated by histamine-N-transferase then mono amine oxidase (Figure 1.3) (Barnes 
et al., 1998; Barnes et a l, 2004). It is distributed in most tissues but is located in high 
concentrations in the GI tract, lungs and skin (BischofFet al., 2005; Small, 2005). It is 
produced chiefly in mast cells and basophils (Middleton et al., 1983; Newman et al., 
1980). Enterochromaffin-like cells found in the stomach are another important site for 
histamine storage and release (Rangachari, 1992). The compound plays major function 
in regulating immune responses (Akdis et al., 2006), physiological functions in the gut 
(Rangachari, 1992) and is known as a neurotransmitter (Jacobs et al., 2000; Yanai et 
al., 2007). In the synapses the shortage of acetaldehyde dehydrogenase, used to 
catalyze the degradation of histamine, can result to the increase of histamine that 
triggers allergic reaction (Jayarajah et al., 2007). Food poisoning in spoiled food, such 
as fish, is mainly linked to the free histidine content which is converted to histamine in 
the presence of certain bacteria that releases histidine decarboxylase (Lehane et al., 
2000; Tapingkaea et al., 2010).
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L-histidine
histamine
N-methylhistamine
N-methyl-
imidazoleacetic acid
L-histidine decarboxylase
k CO-
,N
NH,
|  histamine-N-methyltransferase
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N- h NH'
H,C
Monoamine oxidase
.N
COOH
N
h3c
Figure 13. Biosynthesis and metabolism of histamine from the amino acid histidine 
(Small, 2005)
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1.2.3. Catecholamines
Noradrenaline, adrenaline and dopamine are compounds containing a catechol structure 
(benzene ring with two adjacent hydroxyl groups) and an ethylamine substituent 
(Blaschko, 1957). Their biosynthetic pathways and metabolism are shown on Figure 
1.4. Dopamine is formed by the hydroxylation and decarboxylation of tyrosine, 
noradrenaline from further hydroxylation of dopamine, and adrenaline from 
methylation of noradrenaline (Ganong, 1991). Phenylethalonamine-N- 
methyltransferase the enzyme that catalyses the conversion of adrenaline from 
noradrenaline is present in the cells of adrenal medulla (Blaschko, 1957; Ganong, 
1991).
The catecholamine hormones (noradrenaline and adrenaline) are released into the 
circulatory system in periods of severe stress (McCarty et al., 1991; Perry et al., 2010). 
Adrenaline is mainly produced by chromaffin cells of the adrenal medulla whereas 
noradrenaline is found in post-ganglionic sympathetic neurons (Peny et al., 2010; Ponti 
et al., 1998). In the central and peripheral nervous system noradrenaline acts as a 
neurotransmitter (Wassail et al., 2009). Stimulation of the sympathetic nervous system 
generally results in the release of noradrenaline and adrenaline which activates a and p 
adrenoceptors to induce physiological responses (Ahlquist et al., 1959; Gilman et al., 
1990; Ponti et al., 1998). The most significant mechanism of termination of action of 
noradrenaline is by neuronal reuptake (uptake 1) of released noradrenaline back into the 
neurone and subsequently into the storage vesicles (Gilman et al., 1990). Noradrenaline
8
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can also be removed by means of the extra neuronal uptake (uptake 2) (Figure 1.5) 
(Gilman et al., 1990).
COOH
TyrosineCHo— HC NH
HO Tyrosine hydroxylase
COOH
HO DOPACHo— HC NH
HO DOPA decarboxylase
HO DopamineCHo— CHo-NH
HO Dopamine p-hydroxylase
OH
HO NoradrenalineCH— C H o-N H
HO Phenylethanolamine
N-methyltransferase
OH
HO
AdrenalineCH— C H ,— NH— CH
HO
Figure 1.4. Biosynthesis and metabolism catecholamine (Blaschko, 1957; Gilman et al., 
1990; Rang et al., 2007).
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POSTSYNAPTIC CELL
Tyrosine
NA synthesis
MAO
Metabolites NA
-ve
NA
Uptake 1
NA
Uptake 2
NA
POSTSYNAPTIC CELL
Figure 1.5. The synthesis, action and fate of noradrenaline at sympathetic neuroeffector 
junctions. NA -  noradrenaline, MAO -  mono amine oxidase. Adapted from Rang et al. 
(2007).
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1.2.4. Trace amines
Trace amines are endogenous biogenic amines (Figure 1.6 ) with close similarity to the 
structure of major biogenic amines and overlapping functions with the aminergic 
pathways (Grandy, 2007; Premont et al., 2001). They are also found in other organisms 
like plants, bacteria and insects (Branchek et al., 2003). In the diet they can be found in 
foods such as chocolates, cheese and wines (Branchek et a l , 2003).
Trace amines are derived from their parent amino acids through enzymatic 
decarboxylation and have very fast turnover rates resulting to their low nanomolar 
concentration (trace levels) in the body (Boulton, 1982; Grandy, 2007). In addition, 
these trace amines are known to cause amphetamine-like effects but such responses 
occur at micromolar concentrations (Berry, 2004; Broadley, 2010). Disorder like 
hypertension, migraine and coronary heart diseases has been implied to be caused by 
trace amine dysfunction (Branchek et al., 2003; Broadley, 2010).
Trace amines (p-PEA) bearing sufficient resemblance to noradrenaline can go through 
the presynaptic nerve terminals by uptake 1 (Gilman et a l , 1990; Rang et a l, 2007). 
Once inside the sympathetic neurons trace amine can liberate noradrenaline to produce 
indirect symphatomimetic (ISA) effects (Figure 1.7) (Gilman et al., 1990; Rang et al., 
2007). Pharmacological responses of ISAs such as vasoconstriction can be triggered 
from the stimulation of noradrenaline release from sympathetic neurons to activate a- 
adrenoceptors in postsynaptic cells (Broadley, 2010; Gilman et al., 1990; Rang et al., 
2007). In addition the release of noradrenaline can also stimulate p-adrenoceptors 
resulting in vasodilatation (Shafiei et al., 1999) or bronchodilatation (Barnes, 1993).
11
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Other action of IS As in the periphery includes raised arterial pressure, inhibition of gut 
motility and increased heart rate and myocardial force of contraction (Broadley et al., 
2009; Gilman et al., 1990; Rang et al., 2007). In the gut the expected action of 
sympathomimetic amines such as adrenaline and noradrenaline acting on the ai- 
adrenoceptor or Pi-adrenoceptor is relaxation (Ahlquist et al., 1959; Broadley et al., 
2009; Innes et al., 1969; Ponti et al., 1998). However, in the guinea pig and rat isolated 
gut preparations, tyramine and p-PEA were shown to cause contractions which is 
opposite of the sympathomimetic affects (Broadley et al., 2009; Innes et al., 1969).
OH
HO. -NH, HO .NH, HO^  Jv. NH,
^  ^  \  /  AADC DBH
COOH
HO' ^  HO' HOA J
L-DOPA Dopamine Noradrenaline
Tyrosine
hydroxylase OH
AADC DBH HOv ^ A / NH2
—  X j
Tyrosine
hydroxylase
COOH
L-Tyrosine p-Tyramine p-Octopamine
NH2 AADC .^NH2
COOH
L-Phenylalanine 2-Phenyiethylamine
Figure 1.6. Relationship between trace amine and neurotransmitter synthetic pathways 
(Berry, 2009).
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PRE-SYNAPT1C CELL
Tyrosine
N A synthesis
>  MetabolitesNA MAO
Trace amine-ve
NA
Uptake 1
Trace amine - ISAsNA
Uptake 2
NA
POSTSYNAPTIC CELL
Figure 1.7. The indirect sympathomimetic effects of trace amines at sympathetic 
neuroeffector junctions. NA- noradrenaline, MAO -  monoamine oxidase, ISA -  indirect 
symphatomimetic effects (Gilman et al., 1990; Rang et al., 2007).
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1.3 Acetylcholine
An ester of choline and acetic acid (Figure 1.8) it acts as a chemical transmitter in the 
central nervous system (CNS), peripheral somatic and parasympathetic autonomic 
nervous systems (Koppen et al., 2003; Racke et al., 2006). It is found in synaptic 
vesicles in high concentrations largely in cholinergic neurons (Racke et al., 2006). Its 
synthesis involves the reaction of choline and acetyl-coenzyme A (acetyl-CoA) 
catalyzed by choline acetyltransferace (Ganong, 1991; Racke et al., 2006). Once 
formed it is rapidly removed from the synapse by acetylcholine hydrolysis catalyzed by 
acetylcholinesterase (Racke et al., 2006). Parasympathetic nerve activity releases 
acetylcholine which causes increased gut motility (Olsson et al., 2010), 
bronchoconstriction (Racke et al., 2006), decreased heart rate and increase production 
of saliva and mucus (Ganong, 1991). In high doses, acetylcholine can cause 
convulsions and tremors (Itoh, 1995). Deficient levels in the somatic nerves innervating 
skeletal muscles can contribute to motor dysfunction (Ganong, 1991) such as 
myasthenia gravis (Kawaguchi et al., 2004).
Its action in parasympathetic nerves is mediated via muscarinic receptors (Koppen et 
al., 2003; Tobin, 2002). Acetylcholine and its derivatives activity can be attributed to 
the presence of quaternary ammonium group with positive charge and the ester group 
with partial negative charge (Baker et al., 1971). Muscarinic receptor antagonists have a 
similar structure to acetylcholine but with a bulky aromatic component in place of the 
acetyl group (Sauerberg et al., 1991).
14
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Figure 1.8.
Choline
+
Acetyl-CoA
Choline acetyltransferace 
O
A ,
Acetylcholine
Acetylcholinesterace
Choline
+
Acetate
Acetyl choline metabolism (Ganong, 1991).
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1.4 G protein-coupled receptors
The biogenic amines described above all exert their effects on the GI tract, 
cardiovascular and respiratory systems through G-protein coupled receptors and signal 
transduction to the tissue response (Brunton et al., 2005; Rang et al., 2007). Chemical 
signalling is the ability of a living cell to receive and acts on signals detected by highly 
specific and sensitive receptors (Krauss, 2003). One type of this signalling mechanism 
is through the activation of G protein-coupled receptors (GPCRs) or seven- 
transmembrane-spanning (heptahelical) receptors (Nelson et al., 2005). Among 
membrane-bound receptors, the GPCRs are undoubtedly the most diverse (Bockaert et 
al., 1999). They are the binding sites for naturally occurring ligands (biogenic amines) 
and/or exogenously introduced analogues (Kristiansen, 2004).
Heterotrimeric G-proteins hold three subunits designated a, [3, and y (Hur et al., 2002). 
In the resting state of the receptor the Ga, with a bound GDP (guanosine diphosphate), 
is complexed with GpY (Hur et al., 2002). Once a particular specific ligand attach to the 
GPCR a conformational modification arises in its structure that initiates the exchange 
of intracellular bound GDP to GTP (guanosine triphosphate) (Gilman et al., 1990; 
Hamm et al., 1996; Lodish et al., 2008). The GTP-protein then dissociates from the 
occupied receptor which can either act directly on an ion channel, mitogen-activated 
protein kinases (MAPKs), or bind to a nearby enzyme that triggers the production of 
secondary messengers (Gilman et al., 1990; Lodish et al., 2008). The molecular 
differences within the alpha subunits achieved specificity of each type of receptors that 
produces a distinct cellular response (Hur et al., 2002). There are four main classes of
16
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G-protein ( G qs,  Gai, Gai2/B and Goq/n) of phannacological importance which they show 
selectivity with respect to receptors and effectors with which they couple (Table 1.1) 
(Hamm etal., 1996; Hur et al., 2002; Kristiansen, 2004).
There are two different sequences of second-messenger reactions that can be stimulated 
when a GTP-protein acts on an enzyme. One is set in action when the GTP-protein acts 
on the AC (adenylyl cyclase), (Figure 1.9), which activates the production of second 
messenger cAMP (cyclic adenosine monophospahte) from ATP (adenosine 
triphosphate). This results in the activation of PKA (protein kinase A) which initiates 
the phosphorylation of many cellular proteins including enzymes involved in energy 
and metabolism and enzymes which promote muscle contraction in heart. The other 
second-messenger reaction series begins when the GTP-protein acts on PLC 
(phospholipase C), (Figure 1.10). This triggers the dissociation of PI 
(phosphatidylinositol) to the second messengers IP3 (inositol 1,4,5-trisphosphate) and 
DAG (diacylglycerol). Intracellular IP3 disperses in the cytosol to the endoplasmic 
reticulum, where it binds to specific IP3 receptors and causes the release of intracellular 
stores of Ca2+. Ca2+ with the help of DAG activates PKC (protein kinase C) which also 
causes phosphorylation of other enzymes resulting to smooth muscle contraction 
(Gilman et al., 1990; Hamm, 1998; Hamm et al., 1996; Hur et a l , 2002; Krauss, 2003; 
Kristiansen, 2004; Lodish et al., 2008; Nelson et al., 2005; Rang et al., 2003; Selbiea et 
al., 1998; Warber et al., 2006).
17
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Table 1.1. The main types of G-protein a subtypes and their functions (Rang et a l, 2007).
G-protein Biogenic amines Receptors Main Effectors
a s
catecholamines, histamine, 5-HT Pb p3-adrenergic receptors, histamine H2 
receptors, serotonin 5-HT4
Stimulates adenylyl cyclase, 
tcAMP
a>
catecholamines, histamine, 5-HT, 
acetylcholine, includes also opiods 
and cannabinoids
a2-adrenoceptors, serotonin 5-HTi and 5- 
HT5, histamine H3 and KU, muscarinic M2 
and M4
Inhibits adenylyl cyclase, 
J^cAMP
<*12/13
catecholamines, histamine, 5-HT, 
acetylcholine, includes also opiods 
and cannabinoids
Limited effects mainly due to py 
subunits
<*q/ll
catecholamines, histamine, 5-HT, 
acetylcholine
ai-adrenoceptors, histamine Hi, serotonin 5- 
HT2, muscarinic Mi, M3 and M5
Activates phospholipase C, tlP 3 
and TDAG
18
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(1) Ligand binds to re c e p to r^ c>Ligand (3) GTP moves to adenylyl 
cyclase and activates it
(2) Occupied receptor 
activates GDP to GTP
(6)
Phosphorylation o f  
cellular proteins by 
PKA causes cellular
Receptor Adenylyl
cyclase
cAMP
(S)cAMP 
activates 
PKA
Cell membrane
ATP
(4) Adenylyl cyclase 
initiates the formation 
ofcAMP
(7) cAMP is degraded, 
reversing the activation o f PKA
5'-AMP
Figure 1.9. The Adenylyl cyclase / cAMP system (AC-cAMP system). A - G-protein. 
Adapted from (Gilman et al., 1990; Lodish et al., 2008; Nelson et al., 2005)
(1) Ligand binds to receptorr  U^ nd
CeN membrane Receptor
Cytosol
(3) GTP moves to PLC and 
activates it
Phospholipase C
GDP
(2) Occupied receptor 
activates GDP to GTP
A
GTP G!DP
(5) IP3 binds to IP3 
receptor on the 
endoplasmic reticulum, 
releasing Cd**
GTP
(4) Active PLC dissociates 
phosphatidyNnositol 4,5- 
biphosphate to inositol 
triphosphate OP3) and 
diacyiglycerol (DAG)
0
o
Endoplasmic reticulum
Ca channel
{6) DAG and Ca 
activate protein 
kinase C
(7) Phosphorylation o f  
cellular proteins by protein 
kinase C produces cellular 
response
Figure 1.10. The Phospholipase C / Inositol phosphate system (PLC-IP3 system). A - G- 
protein. Adapted from (Gilman et al., 1990; Lodish et al., 2008; Nelson et al., 2005).
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1.3.1. 5-HT receptors
All 5-HT receptors are GPCR that activate secondary messenger cascades to produce 
stimulation or inhibition of responses, except 5 -HT3 which is a ligand-gated ion channel 
(Hoyer et al., 2002; Marsden et al., 1988). At present seven classes of 
pharmacologically and structurally distinct 5-HT (5-HTi_7) receptor have been 
identified. Further subtypes of 5HTi (A-F) and 5 -HT2 (A-C) are also recognized 
(Barnes et al., 1999; Brunton et al., 2005; Ganong, 1991; Hoyer et al., 2002; Rang et 
al., 2007; Raymond et al., 2001).
In the gut 5-HT provides an important role in the regulation of GI processes (Gershon,
2004). Released from enterochromaffin cells in the gut, 5-HT produces diverse sensory 
and motor functions in the GI tract through a variety of receptors found in the 
submucosal and myenteric neurons (Kim et al., 2000; Nemeth et al., 1989). 5-HTi 
receptors occur mainly in the brain where they act as neurotransmitter release 
modulator (Peroutka, 1984). They are coupled to G<Xi/0 which reduces cAMP through 
the inhibition of adenylate cyclase (Raymond et al., 2001). Activation of 5-HTib in the 
vascular smooth muscle can lead to pulmonary vasoconstriction (Rang et al., 2007; 
Raymond et al., 2001). 5-HT]D subtype expressed in the cerebral blood vessels can 
regulate vasoconstriction in the brain and is assumed to be important in migraine 
(Raymond et al., 2001). When stimulated, 5 -HT4 receptors located on enteric 
cholinergic neurons results also in smooth muscle contraction through acetylcholine 
release (Sikander et al., 2009). 5-HT can also stimulate of 5 -HT4, 5HTiA or 5HTiD
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receptors expressed on nitrergic neurons which release nitric oxide (NO) which results 
in smooth muscle relaxation (Sikander et al., 2009).
5 -HT2 receptors are composed of three GPCRs (5-HT2a, 5-HT2b and 5-HT2c receptors) 
with similar pharmacology and transduction pathway (Boess et al., 1994; Marsden et 
al., 1989; Raymond et al., 2001). 5-HT2 receptors operate through the IP3/DAG 
pathway (Boess et al., 1994) and are expressed in the smooth muscle of blood vessels 
(Ullmer et al., 1995) and of the GI tract (Gershon, 2004), the CNS (Marsden et al., 
1989), and platelets (Pletscher, 1987). The 5-HT2A subtype is expressed throughout the 
smooth muscle, CNS and blood platelets (Raymond et al., 2001). It mediates several 
physiological processes like smooth muscle contraction in the gut (McLean et al., 2007) 
and bronchi (Szarek et al., 1993; Szarek et al., 1995), vasoconstriction (McLennan et 
al., 1984)/vasodilatation (Verbeuren et al., 1991), platelet aggregation (Glusa et al., 
1989) and neuronal excitation (Beubler et al., 1993; Fozard, 1984). In the gut, the 
complementary smooth muscle contraction largely mediated by 5-HT2 and relaxation 
resulting from stimulation of other 5-HT receptors plays an important part in the 
regulation of GI motility or peristalsis (Boess et al., 1994; Gershon, 1999; McLean et 
al., 2007; Raymond et al., 2001). Other physiological processes mediated by 5-HT 
includes intestinal secretion (Beubler et al., 1993), nausea and vomiting (Sanger et al., 
2006).
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1.3.2. Histamine receptors
Histamine receptors are the class of GPCRs that are targets of the endogenous ligand 
histamine (Leurs et a l, 1995). This class of GPCRs are composed of four known 
receptors (H h) (Leurs et al., 1990; Leurs et al., 1995). The histamine Hi-receptor is 
directly coupled with the G-protein Gq and causes direct contractile actions on smooth 
muscles present in the ileum and trachea through the PLC/IP3 system (Leurs et al., 
1995). On the other hand, activation of Hi-receptors results in relaxation of the vascular 
smooth muscle due to the production and release of an endothelium derived relaxant 
factor nitric oxide (Beyak et al., 1995; Hide et a l, 1988; Yang et al., 2002). The 
Histamine H2-receptor triggers the AC/cAMP system that causes relaxation of the 
vascular smooth muscle and is directly coupled with the G-protein Gs (Monczor et al., 
2006). In the regulation of GI motility Hi which modulates the smooth muscle 
contraction coexist in a complementary manner with H2 receptors that induces 
relaxation (Mullera et a l, 1993; Poli et al., 2001; Valle et al., 1997). H3 receptors are 
coupled with Gj G-protein and act on neurons where they presynaptically inhibit the 
release of neurotransmitters like 5-HT, acetylcholine and noradrenaline (Poli et al., 
2001; Yokotani et al., 2000).
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Table 1.2. The four classes of histamine receptors (Akdis et al., 2006; Small, 2005)
Histamine
receptors
Effects Secondary
messenger
G
proteins
H, smooth muscle contraction of GI 
tract and airways
Vasodilatation via NO release
|C a2+, activation of 
Phospholipase C 
via PLC/IP3 
pathways
Gq/n
h 2 Smooth muscle relaxation fcAMP,
stimulation of AC
Gs
h 3 Presynaptic inhibition of transmitter 
release
jcAMP, inhibition 
of AC and 
inhibition of Ca2+ 
influx
Gi/o
H4 Highly expressed in bone marrow, 
promotes chemotaxis in eosinophils 
and mast cells
jncAMP, 
inhibition of AC
Gi/o
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1.3.3. Adrenergic receptors
The adrenergic receptors are a class of GPCRs that are targets of the endogenous 
catecholamines, adrenaline and noradrenaline (Minneman, 2007). These receptors are 
further classified into a-adrenergic receptors and p-adrenergic receptors based on 
studies with selective agonist and antagonist interactions (Ahlquist et al., 1959; 
Minneman, 2007). With further subdivision into ai, a2, Pi, p2, P3 receptors (Brody et 
al., 1998; Minneman, 2007; Minneman et al., 1981).
The activation of ai-adrenergic receptors produced its effects by activating PLC which 
causes an increase in IP3 and Ca2+ (Cotecchia et al., 1990). This triggers cellular 
responses like vasoconstriction in blood vessels (Shaul et al., 1990) and relaxation of 
gastrointestinal smooth muscle (Ahlquist et al., 1959; Innes et al., 1969; Ponti et al.,
1998). Phenylephrine is a nasal decongestant that reduces mucus formation and 
inflammation in die nose and sinuses though its action as a selective ai-adrenoceptor 
that results to vasoconstriction of blood vessels in these areas (Brunton et al., 2005; 
Gomemann et a l, 2009; Johnson et a l, 2008; Lui et al., 2000). a2-adrenergic receptors 
which are negatively coupled to AC reduces cAMP formation as well as inhibiting Ca2+ 
channels resulting to contraction of vascular smooth muscle (Aburto et a l, 1995; 
Brunton et al., 2005; Rang et al., 2007). a2-adrenoceptors are also located on 
autonomic nerve endings (Figure 1.11) where their stimulation by released 
noradrenaline causes inhibition of further transmitter release (i.e. negative feedback) 
(Table 1.3) (Aburto et al., 1993; Cotecchia et al., 1990; Gilman et al., 1990).
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P2-receptors (Table 1.3) cause smooth muscle relaxation through the AC-cAMP system 
resulting to bronchodilatation (Green et al., 1995) and vasodilatation (Kazanietz et al., 
1991; Lui et al., 2000). Propranolol is a non-selective p-adrenoceptor inhibitor that is 
used in the treatment of hypertension (Wu et al., 1995).
Table 1.3. Major physiological effect mediated by adrenergic receptors associated with the 
smooth muscle present in blood vessels, bronchi and gastrointestinal tract. Adapted from (Rang et 
a/., 2007).
Tissues and Effects <*1 o2 Pi P2
Blood vessels Constrict Constrict/Dilate -
Dilate
Bronchi Constrict - - Dilate
Gastrointestinal
tract
Relax
Relax, inhibit
neurotransmitter
release
- Relax
Heart
tRate
tConstrict
Second messenger 
and effectors
PLC
activation
flP3
Tdag
tCa2+
4c AMP
^Calcium
channel
TK+ channel
tcAMP tcAMP
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Adrenaline,
Noradrenaline
Plasma membrane
Phospholipase C Adenylyl cyclaseAdenylyl cyclase
DAGPIP;
Relax, inhibit 
neurotransmitter 
release in the gut
Smooth muscle 
contraction
Smooth muscle 
relaxation
Smooth
muscle
contraction
Figure 1.11. The mechanism of action of adrenergic receptors (Brunton et al., 2005; Rang et 
al., 2007).
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1.3.4. Trace amine-associated receptors
Trace amine-associated receptors (TAAR) are a class of G protein-coupled receptors 
(Berry, 2004; Zucchi et al., 2006). Although the existence and distribution of TAs such 
as octopamine were well known in invertebrates and in mammals, TAAR were only 
identified in 2001 (Berry, 2004; Xie et al., 2009; Zucchi et al., 2006). TAAR receptors 
have been of interest in many years as putative endogenous receptors for trace amines, 
and other similar compounds like amphetamine, methamphetamine and metabolic 
derivatives of the major biogenic amines (Broadley, 2010). Currently three subclasses 
of TAAR have been identified based on phylogenic and ligand-binding pocket analysis 
(Berry, 2009). Both TAARj and TAAR* are sensitive to TAs and in transfected cell 
lines appear to couple with Gs that activates AC resulting in cellular increase in cAMP 
levels (Table 1.4, Figure 1.12) (Berry, 2009; Frascarelli et a l , 2008; Xie et al., 2009). 
Whether there is a similar coupling of the natural TAARs is not known.
Table 1.4. Classification of trace amine-associated receptors (TAARs) (Beny, 2009; 
Lindemann et al., 2005).
TAAR Subclasses Receptor Sensitive to TAs
Group 1 TAAR, -  TAAR* TAAR] and TAAR4
Group 2 TAARs No
Group 3 TAAR6 -  TAAR9 No
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Trace amines
i Plasma membrane
GPCR
IPq
DAG
PLCp
1
-  Go
I
Adenylate cyclase
ATP cAMP PDE ■* 5'-AMP
Figure 1.12. Trace amines signal transduction pathway in transfected cell lines (Berry, 
2009; Xie et a l, 2009).
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1.3.5. Muscarinic receptors
Muscarinic receptors are a class of GPCRs that have five molecular subtypes which 
mediate the effects of acetylcholine. The Mi, M3, and M5 receptors are primarily 
coupled to the rise of intracellular Ca2+ which results from the stimulation of G protein 
Gq which leads to the activation of PLC and release of IP3. The M2 and M4 receptor 
activation generally results in the inhibitions and reduction of cAMP through the AC- 
cAMP systems which switch off smooth muscle relaxation related to cAMP increase 
and have anti-adrenergic effects as well as negative chronotrophy in the heart (Brunton 
et al., 2005; Caulfield, 1993; Eglen et al., 2001; Hulme et al., 1990; Kitazawa et al., 
2007; Koppen et al., 2003; Racke et al., 2006).
The Mi, M2 and M3 are well characterized (Caulfield, 1993; Koppen et al., 2003). Mi 
receptors are found mainly on peripheral neurons and on gastric parietal cells and CNS 
(Caulfield, 1993; Rang et al., 2007). M2 receptors occur mainly on presynaptic 
terminals of peripheral and central neurons, and also in the heart (Caulfield, 1993; Rang 
et al., 2007). In the smooth muscles in the gut M2 is abundantly coexpressed with M3 
receptors (M2:M3 = 3:1 to 5:1) (Caulfield, 1993; Kitazawa et al., 2007). Despite the 
dominant expression of M2 receptors on smooth muscle, contraction and stimulation in 
the GI tract is largely mediated by M3 receptors which results from the increase of 
intracellular Ca2+ (Eglen, 2001; Ehlert, 2003). M3 receptors also mediate vasodilatation 
which results from the release of nitric oxide from the endothelial cells (Ehlert, 2003; 
Kitazawa et al., 2007).
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1.5 Natural products
For thousands of years, man has used plant natural products as “remedies for diseases, 
spices, narcotics, dyes and poison” (Bratt, 2000). Although these compounds were used 
at first in their crude forms, their bioactive components were only isolated and 
pharmacologically evaluated beginning in the nineteenth century (Heinrich, 2010). 
Examples of plant-derived drugs related to treatment of diseases of the airways, 
gastrointestinal tract and vascular systems are given below:
Ma huang or ephedra {Ephedra sinica or E. equisetina) has been used for thousands of 
years in China for asthma, hay fever treatment, and for the common cold (Abourashed 
et al., 2003; Chen et al., 2010). The main components of this plant are ephedrine and 
pseudoephedrine (Figure 1.13) which stimulate the brain, increase heart rate, constrict 
blood vessels, and expand bronchial tubes (Abourashed et al., 2003; Warber et al.,
2006). Their action via the a- and (3-adrenoceptors of the sympathetic nervous system 
either directly or indirectly through the release of neuronal noradrenaline (Chen et a l, 
2010) is common with the structurally related trace amines (see Figure 1.7) (Broadley, 
2010).
OH OH
CH
Ephedrine Pseudoephedrine
Figure 1.13. The main components of Ephedra {Epidra sinica)
30
CHAPTER 1
Cathinone (Figure 1.14) is a bioactive alkaloid from the Khat plant (Goudie, 1985). The 
leaves are chewed for their central stimulant effects (Al-Motarreb et al., 2010; 
Broadley, 2010). The pharmacological effects o f cathinone include amphetamine-like 
mid phenyl-ethylamine-like stimulant actions like euphoria, exhilaration, hyperactivity 
and restlessness (Broadley, 2010; Goudie, 1985). The compound can also increase 
blood pressure, increase heart rate and can elicit vasoconstriction (Al-Motarreb et al., 
2010; Baker et a l, 2007; Broadley, 2010).
Figure 1.14. Cathinone
Methylxanthines are a group of alkaloids extracted from coffee, tea and cocoa. 
Theophylline, caffeine and theobromine (Figure 1.15) are three pharmacologically 
bioactive compounds belonging to this group (Moritoki et al., 1976). These compounds 
and some of their synthetic derivatives relax the bronchial smooth muscle through the 
increase of cAMP levels via phosphodiesterase inhibition (Clarke et al., 1989; Cushley 
et al., 1985; Gong et al., 1986; Krzanowski et al., 1988), increase heart muscle 
contractility, and increase blood pressure through vasoconstriction (Rang et al., 2007).
O
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Theophylline is used for asthma therapy (Lam et al., 1990). Caffeine also acts as a 
direct vasoconstrictor through the release of intracellular Ca2+ (Leijten et al., 1984).
Figure 1.15. The three pharmacologically active Methylxanthines
The two naturally occurring alkaloids atropine and hyoscine (Figure 1.16) are extracted 
from deadly nightshade (Atropa belladonna) and thorn apple (Datura stramonium) 
respectively (Miraldia et al., 2001; Yun et al., 1992). Both compounds are competitive 
antagonist for the muscarinic acetylcholine receptor and known for their action as 
antispasmodics to reduce GI hypermotility and bronchodilation (Rang et al., 2007).
CH3
Theophilline Caffeine Theobromine
h3c
Atropine Hyoscine
Figure 1.16. Atropine and hyoscine the deadly nightshade (Atropa belladonna) and thom 
apple (Datura stramonium)
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Another example is morphine (Figure 1.17) which is the principal alkaloid of the opium 
poppy (Papaver somniferum) known for its effective narcotic analgesic effect and used 
extensively for the treatment the moderate to severe pain (Andersen et al., 2003; 
Brielmann et al., 2006). It can also decrease the rhythmic contractions of the intestine 
giving an overall effect of constipating (Rang et al., 2003). This effect is through p 
opiod receptor located prejunctionally on parasympathetic neurons, stimulation of 
which causes inhibition of acetylcholine release (Tjon et al., 1995).
\
HO OH
Figure 1.17. Morphine
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1.6 Philippine medicinal plants
The Philippine forests originally occupied approximately 70% of its land area (Revilla 
et al., 2000). According to Myers et al. (2000) this primary vegetation which is 
equivalent to 300,800 km2 was reduced to 9,023 km2 in the late nineteenth century 
mainly due to illegal logging. They further noted that out of this remaining primary 
vegetation only 3,940 Km2 were officially protected. In addition, they also recorded 
that out of 7,620 Philippine plants species 5,832 were endemic.
1.6.1. Sesbania grandiflora
Sesbania grandiflora, a nitrogen-fixing ornamental leguminous tree, belongs to the 
family Fabaceae (Bodhipadma et al., 2006). The plant is considered native to Southeast 
Asian countries like the Philippines but it has been well distributed also in southern 
Florida, West Indies, and southern Mexico through most countries of Central America 
down to South America (Duke, 1983).
According to Duke (1983), the plant is reported to be febrifuge (reduce fever), emetic 
(induce vomiting), diuretic, emmenagogue (induce menstruations), laxative and a tonic. 
He further reported that in Southeast Asian countries different parts of the plants have 
different uses: In the Philippines, the pounded bark was used for haemoptysis 
(coughing up blood) and the flowers were considered to be a vegetable and believed to 
lower blood pressure; Cambodians uses the bark for treatment of dysentery
(inflammation of the intestine resulting to severe diarrhoea), consider the flowers to be
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emollient (soften skin) and laxative; and Malayans use crushed leaves for contusions 
and sprains.
In the preliminary pharmacological screening of S. grandiflora extracts done by Fojas 
et.al. (1982), they reported that it causes histamine-like contractions of the isolated 
guinea pig ileum which was blocked by mepyramine, hypotension in cats and CNS 
depression in mice. Furthermore, Subramanian et al. (2003) reported also that the 
different plant fractions exhibited significant analgesic, anti-diarrhoeal, antifungal and 
antibacterial activity.
Among the associated compounds reported to be present in the plant includes several 
sterols or phytosterols (Bhattachaijee et al'., 1958), terpenoids (Das et al., 1999; Das et 
al., 2002) and saponins (Tiwari et al., 1964a; Varshney et a l, 1971). Several flavonoids 
and related compounds with rearranged flavonoid skeleton were also identified, among 
the classes of flavonoids present including flavones, flavonols, flavonone, isoflavonone, 
and anthocyanins (Andal et a l, 1986; Das et a l, 1998; Saxena et a l, 1999a; Saxena et 
a l, 1999b). The presence also of grandiflorol known to reduce the blood cholesterol 
level was noted (Ramesh et al., 2006; Tiwari et a l, 1964b; Tiwari et al., 1964c). In 
addition simple alkaloids like tryptophan, indole acetic acid (Bhowmick et al., 1988) 
and imidazole-4-ethylamine (Fojas et al., 1982) were reported to be present in the plant.
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1.6.2. Chrysanthemum coronarium
Chrysanthemum coronarium is an ornamental plant and vegetable belonging to the 
family Asteraceae (refer to appendix). The plant is not considered poisonous but 
excessive consumption may result to intoxication (Ragasa et al., 1998).
In the phytochemical study of C. coronarium several groups of compounds were found 
to be present in the plant. Examples of such groups includes terpenes (Song et al., 
2003b), sesquiterpene (El-Masry et al., 1984; Lee et al., 2003b; Lee et al., 2003c; Lee et 
al., 2003d; Lee et al., 2002), diterpenes (Ragasa et al., 1998), triterpenes and sterols 
(Choi et al., 2007; Song et al., 2003a), terpenoids (Lee et al., 2003a), flavonoids (Gins 
et al., 2000), quinines (Gins et al., 2000), antioxidant quinic acids derivatives (Chuda et 
al., 1996), insect antifeedant and plant growth inhibitors (Tada e t  al., 1984), and 
thiophene (Ragasa e t  al., 1997; Romo de Vivar e t  al., 1974). In addition, the terpenes 
dihydrochrysanolide and cumambrin A (Figure 1.18) were proven to have 
anticarcinogenic property (Lee et al., 2003d; Lee et al., 2002) and have been shown to 
lower blood-pressure in rats (Hong et al., 1999).
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Me OAc H2C
Dihydrochrysanolide Cumambrin A
Figure 1.18. Structures of dihydrochrysanolide and cumambrin A from C. 
coronarium.
Vitex negundo locally known as “lagundi” is a shrub that grows and is widely 
distributed in the Philippines (Dayrit et al., 1987). In 1996, the Philippine Department 
of Health approved the manufacture and distribution of the plant in the form of tablets 
as a remedy for asthma, cough, colds and fever (Mendoza, 2010). Traditional uses of 
the plant extracts include antibacterial, antifungal, anti-inflammatory, anti-allergy, anti­
asthma, analgesic, anti-tumor, anticonvulsant, anti-oxidant and antinociceptive (Bansod 
et al., 2009; Dharmasiri et al., 2003; Ismail, 2010; Zaware et al., 2010).
In the phytochemical investigations of V. negundo, several groups of secondary 
metabolites were identified. The seeds contain known terpenoids and several labdane- 
type diterpenes (Figure 1.19) in which negundoin C and E were reported to be effective 
nitric oxide (NO) production inhibitors (Zheng et al., 2010a). In addition several 
phenylnapthalene-type lignan derivatives also show similar inhibitory effects on NO
1.63. Vitex negundo
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production (Ono et al., 2004; Zheng et al., 2009a). Analgesic, anti-inflammatory and 
anti-nociceptive properties of the seed extracts were also noted (Chawla et al., 1992; 
Zheng et al., 2009b). Flavonoids (Subramanian et al., 1979), flavanones (Achari et al., 
1984), cytotoxic and antifungal flavones (Baneiji et al., 1969; Diaz et al., 2003; 
Sathiamoorthy et al., 2007) and flavonoid-glycoside derivatives were also isolated (Li 
et al., 2009; Misra et al., 1980). An alkaloid vitedoamine A (Figure 1.20) (Li et al., 
2009), leucoanthocyanidins (Subramanian et al., 1978) and phenols (Rao et al., 1977) 
was also isolated. Antimicrobial activity of the plants was also reported (Ragasa et al.,
1999).
Phytochemical investigations carried out on the leaves also resulted in the isolation of 
several iridoids, flavonoids, flavone glygocides, phenols (Baneiji et al., 1969; Dayrit et 
al., 1994; Sharma et al., 2009; Shen et al., 2009; Subramanian et al., 1979), and 
stilbenes (Baneiji et a l, 1988). Dayrit et al. (1987) also reported the presence of active 
fractions that causes the relaxation of cat’s trachea.
38
CHAPTER 1
COOH
AcO
CHO
AcO
Me Me 
negundoin A
Me Me 
negundoin B
Me Me
negundoin C
kOHOMe
MeMe
HOMeMe
AcO OH
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Figure 1.19. Diterpenes from the seeds of V. negundo (Zheng et al., 2010a).
OMe
Figure 1.20. Vitedoamine A isolated from V negundo (Li et al., 2009).
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1.6.4. Moringa oleifera
Moringa oleifera known as “Malungay” or referred to as “horseradish tree” is 
cultivated as nutritious vegetables in the Philippines (Guevara et al., 1999). The plant is 
distributed in tropical and subtropical countries like Southeast Asia, India, some parts 
of Africa and Arabia, Central America, North and South America, and the Caribbean 
islands (Anwar et al., 2007).
Traditional uses of the plant as an alternative medicine includes anti-allergy (Mahajan 
et al., 2009), for treatment of gastrointestinal motility disorders (Gilani et al., 1994), 
antispasmodic (Caceres et al., 1992), hypotensive (Faizi et al., 1998; Faizi et al., 1994; 
Gilani et al., 1994; Hameed-Un-Nisa et al., 1998), anti-ulcer (Dahiru et a l , 2006; 
Debnath et al., 2007), antihypertensive (Anwar et al., 2007; Dangi et al., 2002), 
possesses anti-diarrhoeal, anti-inflammatory and diuretic properties (Hameed-Un-Nisa 
et al., 1998), anti-arthritis (Mahajan, Baneijee et al. 2009; Mahajan and Mehta 2009), 
antifungal (Chuang et al., 2006; Jha et al., 2009) and anti tumor activities (Guevara et 
al., 1999; Murakami et al., 1998).
In the phytochemical study of Moringa oleifera, several groups of compounds were 
found to be present. Flavonoids such as rutin, quercetin glucoside, kaempferol, 
kaempferol rhamnoglucoside (Anwar et al., 2007; Atawodi et al., 2010; Coppin et al., 
2008) and flavanone glycosides (Jangwan et a l , 2008; Manguro et al., 2007) were 
noted to be present on stems and baric, p-sitosterol known to reduce blood levels of 
cholesterol was also reported (Anwar et al., 2007; Faizi et al., 1998). The plant 
hormone zeatin was isolated along with caffeoylquinic acid (Anwar et al., 2007). The
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presence of several compounds of thiocarbamates and isothiocyanate glycosides were 
also identified (Faizi et al., 1998; Faizi et al., 1997; Faizi et al., 1994; Guevara et al., 
2000; Murakami et al., 1998; Tewari et al., 2006). In the study of the plant for its 
hypotensive property mustard oil glycosides niazinin A (I) and niazinin B (II) and 
niazimicin C (HI) (Figure 1.21) and niaziminin A and B were isolated (Faizi et al., 
1998; Faizi et al., 1994; Faizi et al., 1992; Gilani et al., 1994).
I, R= E-N=C(SH)OMe
II, R= Z-N=C(SH)OMe
III, R= NHC(S)OEt
Figure 1.21. Mustard glycosides from M. oleifera.
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1.6.5. Artemisia vulgaris
Artemisia vulgaris, commonly known as mugwort or St. John’s plant, is a persistent 
weed growing wild native to Asia, Europe and North America (Lee et al., 1998; Linley, 
2002; Tigno et al., 2000b). The plant is widely used in the Philippines among 
practitioners of alternative medicine, in particular for its anti-hypertensive actions 
(Tigno et al., 2000b). It has also been suggested to have other medicinal activities such 
as “antispasmodic, carminative, anti-inflammatory and anti-helminthic properties” 
(Quisimbing, 1978; Tigno et al., 2000b), and has been used in the treatment of painful 
menstruation (dysmenorrhoea) and in the induction of labour or miscarriage (Lee et al., 
1998).
The A. vulgaris and closely related species (‘Vulgares’ group) comparative analysis of 
polyacetylenes resulted in a comprehensive survey of typical derivatives (Figure 1.22) 
(Drake et a l, 1974; Wallnofer et a l, 1989). The isolation and characterization of a 
coumarin, 6-methoxy-7,8-methylenedioxycoumarin (Figure 1.23) was also reported 
(Murray et al., 1986). In the comprehensive analysis of the flavonoids in A. vulgaris by 
Lee, Chung et al. (1998), they isolated and evaluated twenty known flavonoids (Figure
1.24) for their estrogenic activity. They reported that presence of the weak estrogens 
eriodictyol and apigenin may explain for the use of the plant as a natural 
emmenogogue, an agent for inducing menstrual flow (Lee et al., 1998).
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Figure 1.22. Acetylenic products found in A. vulgaris L. (Drake et a l 1974)
\ — O
Figure 1.23. 6-Methoxy-7,8-methylenedioxycoumarin from A. vulgaris (Murray et al, 
1986).
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(e) R ^ R ^ R ^ R ^ H , R3=OCH3
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(j) R^O-rhamno-glucosyl, R2=R4=R5=H, R3=OH
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Figure 1.24. Estrogenic Flavonoids from A. vulgaris L. (a) Tricin, (b) Jaceosidine, (c) 
Eupalofin, (d) Diosmetin, (e) Chrysoeriol, (f) Isorhamnetin, (g) Apeginin, (h) Kaempferol, 
(i) Luteolin, (j) Rutin, (k) Vitexin, (1) Eriodictyol, and (m) Homoeriodictyol (Lee et al., 
1998).
Several sesquiterpenes were also reported to be present in the plant. Vulgarin (Figure
1.25), a sesquiterpene lactone, was reported to be present (Geissman et al., 1961). In 
addition to the presence of eudasmane dialcohol, two sesquiterpene acids with a 
eudasmane framework was also reported (Figure 1.26) (Marco et al., 1990).
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O
Figure 1.25. Vulgarin, a sesquiterpene lactone from A. vulgaris (Geissman et al., 1961).
COOH COOHO
(b)(a)
OH
(C)
Figure 1.26. Sesquiterpenes with eudesmane framework (a) 3-Oxoeudesma-1,4,11 (13)- 
trien-7aH-12-oic acid, (b)la-Hydroxyeudesma-2,4(15),ll(13)-trien-5a,7aH-oic acid and 
(c) Eudesmane dialcohol (Marco et al., 1990).
Furthermore the presence of 1,2,3,4-diepoxy-11(13) eudesmen-12,8-olide, yomogin 
and [3-( 1 -benzodioxol-5-yl)oxiran-2-yl]methanol (Figure 1.27) was also reported on 
the Philippine species of A. vulgaris during the evaluation of plants extracts action to 
the antihypertensive property on cardiovascular haemodynamics (Tigno et al., 
2000b).
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The presence of caffeoylquinic acids, 3,5-di-o-cafFeoylquinic acid and 1,5-di-O- 
caffeoylquinic acid (Figure 1.28), were also isolated from the flowering tops of A. 
vulgaris (Camat et al., 2000).
CH
CHCH.
(a)
CH
CH.CH-
:0 (b)
(c)
Figure 1.27. Compounds isolated from Philippine A. vulgaris (a) Yomogin, (b) 1,2,3,4- 
diepoxy-11 (13) eudesmen-12,8-olide and (c) [3-(l,3-benzodioxol-5-yl)oxiran-2-
yl]methanol (Tigno et al., 2000b).
OR,
HOOC OH
OR OR,
(a) R ^H ; R2=R; R3=R
(b) R ^R ; R2=H; R3=R
= R
Figure 1.28. The two major caffeoyquinic acids, (a) 3,5-di-O-caffeoyquinic acid and (b) 1,5- 
di-O-caffeoyquinic acid from A. vulgaris (Camat et al., 2000).
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1.7 Aims of the thesis
Trace amine associated receptors (TAAR) are the targets for the pharmacological action 
of trace amines in the brain and on peripheral tissues (Berry, 2004; Lindemann et a l,
2005). Responses to typical trace amines such as tyramine and P-phenylethylamine (P- 
PEA) have been identified in the heart (Frascarelli et al., 2008), blood vessels, 
gastrointestinal tract (Broadley et al., 2009) and trachea (Baker et al., 2007; Hawthorn 
et a l, 1984; Hawthorn et al., 1985; Herbert et al., 2008). In blood vessels, tyramine, p- 
PEA, and synthetic and naturally occurring amphetamine derivatives such as ecstasy 
and cathinone (the active constituent of Khat) cause vasoconstriction (Baker et a l,
2007). In the coronary vasculature (Baker et a l, 2007) (Herbert et al., 2008) and rat 
aorta (Fehler et al., 2010), these amines cause vasoconstriction which is not blocked by 
the ai-adrenoceptor antagonist, prazosin or the neuronal uptake, inhibitor cocaine. It is 
therefore concluded that the response is not an indirect symphatomimetic action 
(Broadley, 2010) but may be due to stimulation of TAARs. In the ileum, tyramine and 
P-PEA cause contraction, a response opposite to that expected of an indirect 
sympathomimetic amine (Broadley et al., 2009; Innes et al., 1969). This contraction 
was also not blocked by adrenoceptor antagonists or 5-HT2 receptor antagonists 
suggesting that TAAR might be involved (Broadley et a l, 2009). In the guinea pig 
trachea, p-PEA also caused contraction, which is opposite to the bronchodilatation 
expected of a symphathomimetic amine (Hawthorn et a l, 1985). This response was not 
inhibited by Hi and muscarinic receptor antagonists, chlorpheniramine and atropine, 
and attributed to a phenylethylaminergic receptor or TAAR (Broadley, 2010).
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To confirm the role of TAARs in these contractile responses of the ileum, trachea and 
blood vessels it is necessary to use as antagonist of these receptors. However, no such 
antagonist had been identified at the start of this work. Thus one aim of this thesis was 
to attempt to identify a compound with TAAR antagonistic activity from plants of 
Philippine origin. As a clue to this type of activity to ascertain plant selection, it was 
predicted that such activity would lower blood pressure by blockade of trace amine- 
mediated vasoconstriction. It might also cause bronchodilatation and relax the gut by 
blockade of the airways and gut contractions due to trace amine stimulation. Thus, 
plants were selected that had local medicinal uses for treating hypertension, asthma and 
increased gut motility associated with diarrhoea. The plants selected were therefore 
Artemisia vulgaris, Chrysanthemum coronarium, Moringa oleifera, Sesbania 
grandiflora and Vitex negundo.
A secondary aim was to identify activity in these plants against the major biogenic 
amine receptors. The receptors therefore examined, were those for histamine Hi, 5-HT 
(5-HT2), noradrenaline (ai-adrenoceptor), acetylcholine (muscarinic M3) and P-PEA 
(TAARi) using histamine, 5HT, phenylephrine, methacholine and P-PEA, respectively, 
as the standard agonists.
Below are the summaries of objectives of the present study:
• To prepare crude extracts of Artemisia vulgaris, Chrysanthemum coronarium, 
Moringa oleifera, Sesbania grandiflora and Vitex negundo.
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• To established reproducibility of responses of the guinea pig ileum, trachea and 
aorta to histamine, 5-HT, noradrenaline, methacholine and P-PEA and the effect 
of vehicle for the crude extracts.
• To identify activity of the crude extracts against the standard agonist.
• To separate components of the crude extracts showing activity and further test 
for receptor activity.
• To isolate and chemically identify any active components of active fractions.
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Pharmacological methods: control 
responses to standard agonist 
on guinea pig ileum, 
trachea and aorta
CHAPTER 2
2.1 Introduction
In this chapter the details of materials and methods used for preliminary 
pharmacological work for evaluating the antagonistic activity of crude plant extracts 
against selected biogenic amines will be described. Subsequent Chapters will present 
methods and protocols specific to those chapters. Chloroform and methanol crude 
extraction of plant components of S. grandiflora and C. coronarium will be presented 
in Chapter 3. Acid-base crude extraction of plant components of V negundo and M. 
oleifera will be presented in Chapter 4. Isolation of fractions of A. vulgaris chloroform 
crude extract, chemical analysis, structure elucidation and a bioassay guided 
fractionation, for its histamine antagonist activity will be presented in Chapter 5.
Biogenic amines are endogenous substances derived from biological processes 
(Blaschko, 1957). They include the major biogenic amines such as catecholamine, 
histamine and 5-HT, and the trace amines (P-PEA, octopamine and tyramine) which are 
present in the mammalian tissues at very low (nanomolar) concentrations (Borowsky et 
al., 2001). These biogenic amines along with acetylcholine (ACh) interact with specific 
G-protein coupled receptors (GPCR) to produces various specific responses of tissues 
(Kristiansen, 2004). In the regulation of gastrointestinal, airways and vascular system 
function, the major biogenic amines have been recognized to play essential roles 
(Brunton et a l, 2005). For the trace amines however their pharmacological effects are 
usually attributed to their overlapping function with the aminergic pathways (Borowsky 
et a l, 2001; Zucchi et al., 2006). Currently the lack of specific antagonists for TAAR
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hinders further pharmacological study on its signalling mechanism (Zucchi et al., 
2006).
The present study was undertaken to examine the contractile effects of 5-HT as an 
agonist of 5-HT2 receptors, methacholine as an agonist for the muscarinic M3 receptors, 
histamine as an agonist of histamine Hi receptors, and phenylephrine as an agonist of 
a,] -adrenoceptors on smooth muscle. These receptors directly couple to the G-protein 
Gq and largely elicits stimulatory responses though the activation of phospholipase C 
(PLC) which initiates intracellular Ca2+ release though the increase of inositol- 
triphosphate (IP 3) (Hamm, 1998; Hamm et al., 1996; Taylor et a l, 1991). In addition, 
P-PEA which usually causes smooth muscle relaxation or contraction through indirect 
sympathomimetic effect (Broadley et al., 2009) was also examined as an agonist of 
trace amine-associated receptors (TAAR). Furthermore, the reproducibility of 
contractile responses when repeating cumulative exposures of 5-HT, methacholine, 
histamine, phenylephrine and P-PEA on smooth muscle was tested. Since DMSO is 
used to dissolve plant extracts for evaluation of their activity on the tissues, 
concentration-response curves were also obtained in the absence and presence of 
DMSO to determine whether it affected the responses.
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2.2 Aims
• To study the effect of 5-HT, methacholine, histamine and p-PEA employing 
cumulative concentration-response curves (CRCs) for the contractile responses 
of guinea pig isolated ileum.
• To study the effect of histamine and p-PEA employing cumulative 
concentration response curves (CRCs) for the contractile responses of guinea 
pig isolated tracheal spiral.
•  To study the effect of phenylephrine and P-PEA employing cumulative 
concentration response curves (CRCs) for the contractile responses of guinea 
pig isolated aortic rings.
• To determine the reproducibility of repeated CRCs in guinea pig ileum, trachea 
and aorta
• To determine the effect of the vehicle for plants extracts (DMSO) on CRCs in 
guinea pig ileum, trachea and aorta
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2.3 Methods and Material
Protocols for pharmacological evaluation
2.3.1 Tissue preparation
Male Dunkin-Hartley guinea-pigs, 200-300 g, were killed by a blow to the back of the 
head and then exsanguinated under running water. The ileum, trachea and thoracic 
aorta were excised and placed in Krebs-bicarbonate solution of composition (mM): 
NaCl 118.4, KC14.7, CaCl2.2H20  1.9, MgS04.7H20  1.2, KH2P0 4 .2H20 , 1.2, NaHCOs 
25, glucose 11.7 (Ford et a l , 1999).
2.3.2 Ileum segments
The ileum was selected 10 cm from the stomach. Following the removal of adhering fat 
and connective tissue, the ileum was cut in 2  cm segments which were suspended in a 
50-mL heated tissue bath (37°C) with Krebs-bicarbonate solution continuously gassed 
with 5% CCh in oxygen. One end was attached to a tissue holder and the other by 
means of a cotton thread to a transducer. A resting tension of 0.5 g was applied and the 
tissues left to equilibrate for 30 min before drug addition (Figure 2.1) (Grassby et al., 
1987; Rubinstein et a l, 1985).
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2.3.3 Tracheal spirals
After removing the adhering fat and connective tissue, the trachea was cut spirally (2 
mm wide) into lengths of 3-4 cm. The strips were then set up with one cartilage end 
attached to a tissue holder and the other to a transducer by means of a cotton thread. 
They were immersed in warmed Krebs-bicarbonate solution continuously gassed with 
5% CO2 in oxygen in 50-mL organ baths and maintained at 37°C. A resting tension of 
1.5 g was applied and the tissues left to equilibrate for 60 min before drug addition 
(Figure 2.2) (Hawthorn et al., 1985).
2.3.4 Aortic rings
The thoracic aorta was cleared of connective tissue in-situ and then excised. Rings (5 
mm) were then cut and mounted under 1-g tension in 50-mL tissue baths containing 
Krebs-bicarbonate solution continuously gassed with 5% CO2 in oxygen and 
maintained at 37°C. The tissues were left to equilibrate for 60 min before drug addition 
(Figure 2.3) (Ford et a l, 1999).
2.3.5 Cumulative concentration-response curves (CRCs)
To construct cumulative CRCs, successive concentrations of agonist were added to the 
50 mL tissue bath in half logarithmic increments, after the peak effect was reached for 
the preceding concentration, at least until the maximum response was recorded. All 
experiments were repeated at least four times on tissues from four different guinea pigs.
55
CHAPTER 2
Transducer PowerLab hardware Computer
^  Oflon • • • •
Analog electrical 
signal
Digital signal
■tissue holder 
Cotton thread
Organ bath
Ileum
Figure 2.1. Organ bath with guinea pig ileum in place held on a fixed tissue holder. 
Measurement and analysis o f  the isometric tension via an isometric transducer attached by 
a cotton string to one end o f  the ileum and was connected to an isometric transducer. The 
results were recorded on a computer.
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Transducer PowerLab hardware Computer
□ 000 •  • • •
Figure 2.2. a) Intact guinea pig trachea, b) Spirally cut trachea, c) Organ bath with guinea 
pig trachea in place, held on a fixed tissue holder. Measurement and analysis o f  the 
isometric tension via an isometric transducer attached by a cotton string to the one end o f  
the trachea. The results were recorded on a computer.
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0000 ••••
aorta on holder 
a)
Transducer PowerLab hardware Computer
 ►
Digital signal
with hook
Figure 2.3. a) Guinea pig aorta on holder, b) Organ bath with guinea pig aorta in place, 
held on a fixed tissue holder. Measurement and analysis o f  the isometric tension via an 
isometric transducer attached by a cotton string to the upper mobile hook was. The results 
were recorded on a computer.
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2.3.6 Protocols for repeated agonist cumulative CRCs on guinea
pig ileum
A series of three cumulative concentration-response curves (CRC) were constructed 
separately for the drugs 5-hydroxytryptamine (5HT), histamine, methacholine, and (3- 
phenylethylamine (P-PEA) on separate segments of ileum from the same guinea-pig. 
Prior to the addition of these drugs a 30 min equilibration on each of the tissues were 
made. The first CRC (CRCj) was constructed using half-logarithmic increments in 
concentration. After restoring the resting tension by washing the tissues three times and 
another tissue equilibration of 30 minutes, a second CRC (CRC2) was obtained. The 
third CRC (CRC3) was repeated after a similar method of restoring the resting tension 
by washing the tissue three times and tissue equilibration for 30 minutes was made.
2.3.7 Protocols for repeated agonist cumulative CRCs on 
guinea-pig tracheal spirals
A series of two cumulative concentration-response curves for tracheal spirals were 
constructed separately for contractile responses to histamine and p-PEA. The tissues 
were left to equilibrate for 60 min before drug addition. The first CRC was constructed 
using half-logarithmic increments in dose. After restoring the resting tension by 
washing the tissues and a total tissue equilibration of 60 minutes, a second CRC was 
obtained. A similar series of two cumulative CRCs for P-PEA were constructed 
wherein lx l 0"6 M of propranolol was added 10 min prior to the construction of the first 
and second curves.
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2.3.8 Protocols for repeated agonist cumulative CRCs on
guinea-pig aorta
A series of two cumulative concentration-response curves for aortic rings were 
constructed separately for contractile responses to phenylephrine and p-PEA. The 
tissues were left to equilibrate for 60 min before drug addition. The first CRC was 
constructed using half-logarithmic increments in dose. After restoring the resting 
tension by washing the tissues and a total of tissue equilibration of 60 minutes, a second 
CRC was obtained.
23.9  The effect of DMSO
DMSO will be used throughout this study to dissolve plant extracts and 0.1 mL used in 
the tissues. To establish that DMSO has no effect on the reproducibility of the 
cumulative CRC for each agonist on a particular guinea pig tissue a separate set of 
controls were made by applying 0.1 mL DMSO 20 minutes prior to the construction of 
the second cumulative CRC.
2.3.10 Data measurement and analysis
Tension measurements were made by the use of Dynamometer UF1 isometric force 
transducer, 57 g sensitivity range, and displayed on Powerlab Chart 5 (ADI 
Instruments, Oxfordshire, UK). The peak responses in grams for each dose measured 
from the baseline before each CRC were recorded. The mean contractile maximum 
(±S.E.M) responses for the first (CRCi), second (CRC2) and third (CRC3) CRCs were
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compared using Student’s t-test. The n value represents the number of guinea pigs 
providing ileum, trachea or aorta.
The contractile response values were expressed also as a percentage of the maximum 
contractile response obtained in CRCi set to 100%. These transformed values were then 
plotted as mean (± SEM) responses. Mean responses at individual doses of CRCi and 
CRC2, or CRC2 and CRC3 were compared using repeated measures ANOVA followed 
by Bonferroni post-hoc test. The contractile responses were expressed as a percentage 
of their own maximum contractile response set to 100%. Values from these 
transformations were used to obtain the true EC50 (-log molar concentration to produce 
50% maximum response). True -log EC50 (±S.E.M) were compared between CRCi and 
CRC2, or between CRC2 and CRC3 using Student’s t-test. The dose-ratio was 
expressed as EC50 of CRCi / EC50 of CRC2 in individual experiments and mean values 
(±S.E.M) calculated. Pseudo EC50 values were also calculated as -log molar 
concentration producing 50% of the maximum response of CRCi in individual 
experiments and mean (±SEM) responses values were calculated. Where the response 
of CRC2 or CRC3 did not reach 50%, then pseudo EC20 or EC30 values were compared.
To measure the change in resting baseline after the addition of plant extracts, the resting 
baseline (±SEM) before CRC2 was expressed as a percentage of the baseline before the 
plant extract addition.
All statistical analysis and plotting of the data were performed on GraphPad Prism 5.01.
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2.3.11 Drugs and solutions
Acetyl-p-methylcholine chloride, 5-hydroxytryptamine salt (5-HT), histamine 
diphosphate salt, dimethylsulfoxide (DMSO), (R)-(-)-phenylephrine hydrochloride, (3- 
phenylethylamine hydroxide (p-PEA) and (±)-propranolol hydrochloride were from 
Sigma-Aldrich (Poole, Dorset, UK). All chemicals for the Krebs-bicarbonate buffer 
(analytical grade) were purchased from Fisher Scientific (Leicestershire, UK). All 
drugs were dissolved in distilled water prior to their use.
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2.4 Results
2.4.1 Contractile responses of guinea pig ileum to repeated
CRCs for 5-HT -  Absolute controls
The addition of low concentrations of 5-HT in cumulative CRCs caused concentration- 
related contractions on guinea pig ileum (Figure 2.4).
30 (tin equilibration
5 minutes interval
Figure 2.4. Representative chart recording showing a series of three cumulative 
concentration-response curves (CRC) for the contractile response of guinea pig ileum to 
5-HT (A = lxlO'7 M, B = 3xl0'7 M, C = lxKT6 M, D = 3x1 O'6 M, E = lxlO'5 M, F = 3xl0'5 
M).
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The mean maximum contractile responses to 5-HT (n=4) in CRC2 (0.79±0.46 g) were 
not significantly different (P>0.05) from CRCi (0.82±0.44 g) and CRC3 (0.74±0.35 g) 
(Table 2.1). Contractile responses expressed as percentage of the maximum obtained in 
CRCi set to 100% further showed no significant differences on the maximum 
contractile responses obtained in CRCi, CRC2 and CRC3 (Figure 2.5.a). Furthermore 
the true -log EC50 values on CRC2 (-6.29 ±0.17) was not significantly different from 
CRCi (-6.56 ± 0.17) and CRC3 (-6.00±0.17) (Table 2.1). The dose ratio between CRCi 
and CRC2 was 1.96±0.34 (Table 2 .1 ).
2.4.2 Contractile responses of guinea pig ileum to 5-HT -
DMSO control
To test the effect of DMSO on the reproducibility of mean contractile response of 
guinea pig ileum (n=5) against 5-HT, 0.1 mL DMSO was applied prior to the 
construction of CRC2 (Figure 2.4). The mean contractile response maximum of 5-HT 
on CRC2 (2.62±0.22 g) was not significantly different (P>0.05) from CRCi (2.54±0.25 
g) but a significant (P<0.01) reduction of the maximum response was observed with 
CRC3 (1.77±0.30 g) compared with CRC2 after washout of DMSO (Table 2.2). 
Contractile responses expressed as percentage of the maximum obtained in CRCi set to 
100% further showed that 5-HT contractile response values of CRC2 (100.92±7.89%) 
showed no significant difference (P>0.05) from CRCi (91.38±7.47%) but a significant 
(P<0.05) reduction of the maximum of CRC3 (69.06± 11.89%) was observed (Figure 
2.5.b). In addition the true -log EC50 values for CRC2 (-6.49±0.18) was not significantly
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different at (PX).05) from CRCi (-6.42±0.28) and CRC3 (-6.47±0.09) (Table 2.2). The 
dose ratio between CRCi and CRC2 was 1.43±0.58 (Table 2.2).
Figure 2.5. Mean cumulative CRCs for 5-HT contractile responses of the guinea pig ileum,
(a) Repeated CRCs for 5-HT, n=4, (b) effect of DMSO added during CRC2 on 5-HT (n=4). 
Responses are the mean (±S.E.M.) contractions expressed as a percentage of the maximum 
contraction of CRCi. Mean responses (±S.E.M.) on individual concentrations of CRCi vs. 
CRC2, and CRC2 vs. CRC3 were compared by repeated measures ANOVA followed by 
Bonferroni pos-hoc test. * Significant (P<0.05) differences between CRCi and CRC2, and + 
between CRC2 and CRC3. • —#  CRCi, H—I  CRC2 after 30 min tissue equilibration 
after the wash out of first curve with or without DMSO, and 0 - 0  CRC3 after 30 min 
tissue equilibration from the washout of second curve.
120 120
10^
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2.4.3 Contractile responses in guinea pig ileum to repeated
CRCs for methacholine -  Absolute control
The addition of methacholine in cumulative CRCs caused concentration-dependent 
contractions on guinea pig ileum (Figure 2 .6 ).
30 min equiibratton 
+ . CRC,
3
c
o
'35c
<D
crc2 CRC,
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5 minutes interval
Figure 2.6. Representative chart recording showing repeated of cumulative concentration- 
response curves (CRC) for the contractile response of guinea pig ileum to methacholine 
(A = lxlO'8 M, B = 3xl0'8 M, C = lxl0‘7 M, D = 3xl0‘7 M, E = lxKT6 M, F = 3X10*6 M).
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The mean contractile response maximum of methacholine (n=4) for CRC2 (3.41 ±0.34 
g) was not significantly different (P>0.05) from CRCi (3.46±0.46 g) and CRC3 
(3.44±0.53 g) (Table 2.1). Contractile responses expressed as a percentage of the 
maximum obtained in CRCi set to 100% further showed no significant differences 
(P>0.05) at each dose between CRCi, CRC2 and CRC3 (Figure 2.7.a). The true -log 
EC50 value for CRC2 (-7.27±0.11) was also not significantly different (P>0.05) from 
CRCi (-7.16±0.09) and CRC3 (-7.18±0.11) (Table 2.1). The dose ratio between CRCi 
and CRC2 was 1.31±0.16 (Table 2 .1).
2.4.4 Contractile responses in guinea pig ileum to methacholine 
-DMSO Control
To test the effect of the presence of DMSO on the reproducibility of mean contractile 
response of guinea pig ileum (n=4) against methacholine, 0.1 mL DMSO was applied 
before the construction of CRC2 (Figure 2.6). The mean maximum contractile response 
of methacholine for CRC2 (3.22±0.57g) was not significantly different (P>0.05) from 
CRCi (3.25±0.50 g) and CRC3 (3.24±0.41 g) (Table 2.2). Contractile responses 
expressed as percentage of the maximum obtained in CRCi set to 100% also showed no 
significant difference (P>0.05) between CRCi, CRC2 and CRC3 at each dose (Figure 
2.7.b). The true -log EC50 value for CRC2 (-7.43±0.21) was also not significantly 
different at (P>0.05) from CRCi (-7.37±0.05) and CRC3 (-7.31±0.19) (Table 2.2). The 
dose ratio between CRCi and CRC2 was 1.03±0.30 (Table 2.2).
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120-1 120*1
1 0 * 10 -« 10-7 10-6 10 -» 
Methacholine (M)
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Figure 2.7. Mean cumulative CRCs for the contractile responses of the guinea pig ileum to
methacholine. (a) Repeated CRCs for methacholine, n=4, (b) effect of DMSO added during 
CRC2 on methacholine (n=4). Responses are the mean (±S.E.M.) contractions expressed as 
a percentage of the maximum contraction of CRCi. Mean responses (±S.E.M.) on 
individual concentrations of CRCi vs. CRC2, and CRQ vs. CRC3 were compared by 
repeated measures ANOVA followed by Bonferroni pos-hoc test. No significant (P>0.05) 
differences were seen at each dose between CRCi, CRC2 and CRC3 of 5-HT.
CRCi, ■  CRC2 after 30 min tissue equilibration after the wash out of first curve with or
without DMSO, and 0 —0  CRC3 after 30 min tissue equilibration from the washout of 
second curve.
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2.4.5 Contractile responses in guinea pig ileum to repeated
CRCs for histamine -  Absolute control
The addition of low concentrations of histamine in cumulative CRCs caused 
concentration-related contractions on guinea pig ileum (Figure 2.8).
30
crc3CRCa
baseline
baseline
5 minutes interval
Figure 2.8. Representative chart recording showing repeated of cumulative concentration- 
response curves (CRC) for the contractile response of guinea pig ileum to histamine 
(A = lxlO'7 M, B = 3x10‘7 M, C = lxKT6 M, D = 3x10* M, E = lxlO’5 M, F = 3xl0‘5 M).
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The mean maximum contractile response of histamine (n=5) for CRC2 (3.46±0.88 g) 
was not significantly different (P>0.05) from CRCi (3.14±0.76 g) and CRC3 (3.06±0.89 
g) (Table 2.1). Contractile responses expressed as percentage of the maximum obtained 
in CRCi set to 100% further showed no significant difference (P>0.05) for CRC2 
compared with CRCi and CRC3 at each dose (Figure 2.9.a). The true -log EC50 values 
for CRC2 (-5.77±0.17) was also not significantly different (P>0.05) from CRCi (- 
5.44±0.13) and CRC3 (-5.59±0.12) (Table 2.1). The dose ratio between CRCi and 
CRC2 was 0.93±0.57 (Table 2 .1).
2.4.6 Contractile responses of guinea pig ileum to histamine -
DMSO control
To test the effect of DMSO on the mean contractile response of guinea pig ileum (n=4) 
to histamine, 0.1 mL DMSO was applied prior to the construction of CRC2 (Figure 
2 .8 ). The mean maximum contractile response of histamine for CRC2 (3.35±0.83 g) 
was not significantly different (P>0.05) from CRCi (3.17±0.55 g) and CRC3 (3.33±0.72 
g) (Table 2.2). Contractile responses expressed as percentage of the maximum obtained 
in CRCi set to 100% further showed no significant difference (P>0.05) between CRC2 
at each dose compared with CRCi and CRC3 (Figure 2.9.b). The true -log EC50 value 
for CRC2 (-6.07±0.24) was also not significantly different (P>0.05) from CRC] (- 
6.38±0.24) and CRC3 (-6.03±0.26) (Table 2.2). The dose ratio between CRC] and 
CRC2 was 2.41 ±0.83 (Table 2.2).
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Figure 2.9. Mean cumulative CRCs for the contractile responses of the guinea pig ileum to 
histamine, (a) Repeated CRCs for histamine (n=4), (b) effect of DMSO added during 
CRC2 on histamine (n=4). Responses are the mean (±S.E.M.) contractions expressed as a 
percentage of the maximum contraction of CRCi. Mean responses (±S.E.M.) on individual 
concentrations of CRCi vs. CRC2, and CRC2 vs. CRC3 were compared by repeated 
measures ANOVA followed by Bonferroni pos-hoc test. No significant (P>0.05) 
differences were seen at each dose between CRCi, CRC2 and CRC3 of 5-HT. • —#  
CRCi, H—H CRC2 after 30 min tissue equilibration after the wash out of first curve with or 
without DMSO, and 0 --0  CRC3 after 30 min tissue equilibration from the washout of 
second curve
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2.4.7 Contractile responses of guinea pig ileum to repeated
CRCs for p-PEA -  Absolute control
The addition of low concentrations of p-PEA in cumulative CRCs caused 
concentration-related contractions on guinea pig ileum (Figure 2.10).
30 min equilibration 
K  . CRC,
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5 m in u te s  in terval
Figure 2.10. Representative chart recording showing repeated of cumulative concentration- 
response curves (CRC) for the contractile response of guinea pig ileum to P-PEA 
(A = lxlO'5 M, B = 3x1 O'5 M, C = lxlO-4 M, D = 3x10-* M, E = lxlO’3 M, F = 3xl0‘3 M).
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The mean maximum contractile response of [3-PEA for CRC2 (1.09±0.37 g) was not 
significantly different (P>0.05) from CRCi (1.06±0.32 g) and CRC3 (0.76±0.25 g) 
(Table 2.1). Contractile responses expressed as percentage of the maximum obtained in 
CRCi set to 100% showed no significant difference (P>0.05) for CRC2 compared with 
CRCi and CRC3 at each dose (Figure 2.11.a). The true -log EC50 value for CRC2 (- 
3.30±0.37) was also not significantly different at (P>0.05) from CRCi (-3.69±0.57) and 
CRC3 (-3.50±0.34) (Table 2.1). The dose ratio between CRCi and CRC2 was 5.04±3.11 
(Table 2.1).
2.4.8 Contractile responses of guinea pig ileum to p-PEA -
DMSO Control
To test the effect of DMSO on the mean contractile response of guinea pig ileum (n=4) 
against P-PEA, 0.1 mL DMSO was applied prior to the construction of CRC2 (Figure 
2.10). The mean maximum contractile response for P-PEA on CRC2 (1.57±0.30g) was 
not significantly different (P>0.05) from CRCi (1.43±0.34 g) and CRC3 (1.47±0.42 g) 
(Table 2.2). Contractile responses expressed as percentage of the maximum obtained in 
CRCi set to 100% showed no significant difference (P>0.05) between CRCi and CRC2 
at each dose (Figure 2.1 l.b). The true -log EC50 values for CRC2 (-3.87±0.28) was also 
not significantly different (P>0.05) from CRCi (-4.16±0.24) and CRC3 (-3.91±0.17) 
(Table 2.2). The dose ratio between CRCi and CRC2 was 4.35±0.25 (Table 2.2).
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Figure 2.11. Mean cumulative CRCs for the contractile responses of the guinea pig ileum to 
P-PEA. (a) Repeated CRCs for P-PEA (n=4), (b) effect of DMSO added during CRC2 on 
P-PEA (n=4). Responses are the mean (±S.E.M.) contractions expressed as a percentage of 
the maximum contraction of CRCi. Mean responses (±S.E.M.) on individual concentrations 
of CRCi vs. CRC2, and CRC2 vs. CRC3 were compared by repeated measures ANOVA 
followed by Bonferroni pos-hoc test. No significant (P>0.05) differences were seen at each 
dose between CRC, and CRC2, and CRC2 and CRC3 of 5-HT. •  CRC,, CRC2
after 30 min tissue equilibration after the wash out of first curve with or without DMSO, 
and 0 —0  CRC3 after 30 min tissue equilibration from the washout of second curve.
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Table 2.1. Summary of maximum and the true -log EC50 of mean cumulative CRC for constrictor response of the guinea pig ileum to the agonist’s
5-HT, methacholine, histamine and p-PEA -  Absolute control. Maximum responses are mean (±S.E.M.) contractions (g). True EC50 (±S.E.M.) 
were computed based on constrictor responses relative to the maximum of each CRC set to 100%. Mean maximum responses (± S.E.M.) and the 
true -log EC50 (±S.E.M.) of CRCi vs. CRC2, and CRC2 vs. CRC3 were compared using their corresponding values by paired Student t-test. No 
significant (P>0.05) differences on mean maximum responses and -log EC50 of CRCi vs. CRC2, and CRC2 vs. CRC3 were seen on 5-HT, 
methacholine, histamine and p-PEA.
Agonist CRCt c r c 2 c r c 3 Dosera‘io ( ^ i ) n
5-HT Max (g) 0.82±0.44 0.79±0.46 0.74±0.35 4
-log EC50 -6.56±0.17 -6.29±0.17 -6.00±0.17 1.96±0.34
Methacholine Max (g) 3.46±0.46 3.41±0.34 3.44±0.53 4
-log EC50 -7.27±0.11 -7.16±0.09 -7.18±0.11 1.31±0.16
Histamine Max (g) 3.14±0.76 3.46±0.88 3.06±0.89 5
-log EC50 -5.44±0.13 -5.77±0.17 -5.59±0.12 0.93±0.57
P-PEA Max (g) 1.06±0.32 1.09±0.37 0.76±0.25 4
-log EC50 -3.69±0.57 -3.30±0.37 -3.50±0.34 5.04±3.11
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Table 2.2. Summary of maximum and the true -log EC50 of mean cumulative CRC for constrictor response of the guinea pig ileum to the agonist’s 
5-HT, methacholine, histamine and p-PEA -  DMSO control. Maximum responses are mean (±S.E.M.) contractions (g). True EC50 (±S.E.M.) were 
computed based on constrictor responses relative to the maximum of each CRC set to 100%. Mean maximum responses (± S.E.M.) and the true - 
log EC50 (±S.E.M.) of CRCi vs. CRC2, and CRC2 vs. CRC3 were compared using their corresponding values by paired Student t-test. Significant 
(P<0.01, **) differences on mean maximum contractile responses for 5-HT.
Agonist CRC, c r c 2 c r c 3 Dos' ra*io © n
5-HT Max (g) 2.54±0.25 2.62±0.22 1.77±0.30** 5
-log EC50 -6.42±0.28 -6.49±0.18 -6.47±0.09 1.43±0.58
Methacholine Max (g) 3.25±0.50 3.22±0.57 3.24±0.41 4
-log ECjo -7.37±0.05 -7.43±0.21 -7.31±0.19 1.03±0.30
Histamine Max (g) 3.17±0.55 3.35±0.83 3.33±0.72 4
-log EC50 -6.38±0.24 -6.07±0.24 -6.03±0.26 2.41±0.83
P-PEA Max (g) 1.43±0.34 1.57±0.30 1.47±0.42 4
-log EC50 -4.16±0.24 -3.87±0.28 -3.91±0.17 4.35±3.25
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2.4.9 Contractile responses of guinea pig tracheal spirals to
repeated histamine cumulative CRCs -  Absolute control
The addition of histamine in cumulative CRCs caused concentration-related 
contractions on the guinea pig trachea (Figure 2.12).
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Figure 2.12. Representative chart recording showing repeated of cumulative concentration- 
response curves (CRC) for the contractile response of guinea pig trachea to histamine (A = 
lxlO’7 M, B = 3x10‘7 M, C = lxKT6 M, D = 3X10-6 M, E = lxlO'5 M, F = 3xl0‘5 M, G = 
lxKT4 M, H = 3x1 O'4 M, I = lxlO’3 M).
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The mean maximum contractile response of the trachea to histamine for CRCi 
(1.42±0.53 g) was not significantly different (P>0.05) from CRC2 (1.27±0.43 g) (Table
2.3). Contractile responses expressed as percentage of the maximum obtained in CRCi 
set to 100% was significantly less (P<0.05) on CRC2 (3x1 O'6 M , 29.34±5.72%) than 
CRCi (3x1 O^M , 51.53±9.04%) vs. (Figure 2.13.a). The true -log EC50 value of CRCi 
(-5.57±0.18) was not significantly different (P>0.05) from CRC2 (-5.19±0.14) (Table
2.3). The dose ratio between CRCi and CRC2 was 3.22±1.29 (Table 2.3).
2.4.10 Contractile responses in guinea pig tracheal spirals to 
histamine -  DMSO control
To test the effect of DMSO on the reproducibility of mean contractile response of 
guinea pig trachea (n=5) to histamine, 0.1 mL DMSO was applied prior to the 
construction of CRC2 (Figure 2.12). The mean maximum contractile response to 
histamine for CRC2 (0.85±0.10 g) was not significantly different (P>0.05) from CRCi 
(0.89±0.13 g) (Table 2.3). Contractile responses expressed as percentage of the 
maximum obtained in CRCi set to 100% showed no significant (P>0.05) difference 
between CRCi and CRC2 at each dose (Figure 2.13.b). The true -log EC50 value of 
CRC2 (-5.27±0.32) was also not significantly different (P>0.05) from CRCi (- 
6.02±0.28) (Table 2.3). The dose ratio (12.92±8.47) observed between CRCi and CRC2 
indicates a variable but not significant shift of the CRC to the right (Table 2.3).
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Figure 2.13. Mean cumulative CRCs for the contractile responses of the guinea pig trachea 
to histamine, (a) Repeated CRCs for histamine (Absolute control, n=5). (b) Effects of 
DMSO added during CRC2 (n=4). Responses are the mean (±S.E.M.) contractions 
expressed as a percentage of the maximum contraction of CRCi. Mean responses (±S.E.M.) 
on individual concentrations of CRCi and CRC2 were compared by repeated measures 
ANOVA followed by Bonferroni pos-hoc test. * Significant difference (P<0.05) were 
observed on 3x1 O'6 M histamine. • —•  CRCi after 60 min tissue equilibration and ■  
CRC2 after 60 min tissue equilibration after the wash out of CRCi. 0.1 mL DMSO was 
added 20 minutes prior to the construction of CRC2 in the DMSO control.
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2.4.11 Contractile responses of guinea pig tracheal spirals to 
repeated p-PEA cumulative CRCs -  Absolute control
The addition of p-PEA in cumulative CRCs caused concentration-related relaxation 
responses at lower concentrations in the guinea pig trachea (Figure 2.14, Figure 2.15). 
This was followed by contractile responses at higher concentrations.
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Figure 2.14. Representative chart recording showing a cumulative concentration-response 
curve (CRC) for the relaxation and contractile responses of guinea pig trachea to P-PEA 
(A = lxKT6 M, B = 3x1 O'6 M, C = lxlO'5 M, D = 3xl0‘5 M, E = lxKT4 M, F = 3XKT4 M, 
G = lxlO'3 M, H = 3x10‘3 M, I = lxlO*2 M).
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Figure 2.15. Representative chart recording showing repeated cumulative concentration- 
response curve (CRC) for the contractile response of guinea pig trachea to P-PEA. Refer to 
Figure 2.15 for P-PEA concentrations used for each CRC.
The mean contractile response maximum of p-PEA (n=4) on CRCi (0.51±0.17 g) was 
not significantly different (P>0.05) from CRC2 (0.61±0.20 g) (Table 2.3). Contractile 
responses expressed as percentage of the maximum obtained in CRCi set to 100% 
showed no significant difference (P>0.05) between CRCi and CRC2 at each dose 
(Figure 2.16). The true -log EC50 values of CRC2 (-2.86±0.29) was also not 
significantly different at (P>0.05) from CRCi (-2.80±0.28) (Table 2.3). Finally a
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relatively low dose ratio (1.21 ±0.26) between CRCi and CRC2 was observed (Table
2.3).
150i
to 100
-100
Figure 2.16. Mean cumulative CRCs for responses for repeated P-PEA (n=4). Responses are 
the mean (±S.E.M.) contractions expressed as a percentage of the maximum contraction of 
CRCi. Mean responses (±S.E.M.) on individual concentrations of CRCi and CRC2 were 
compared by repeated measures ANOVA followed by Bonferroni pos-hoc test. • —•  
CRCi after 60 min tissue equilibration and CRC2 after 60 min tissue equilibration 
after the wash out of CRCi.
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2.4.12 Effect of propranolol on contractile responses of guinea 
pig tracheal spirals to p-PEA
In an attempt to remove the relaxation response, experiments were repeated in the 
presence of the (5-adrenoceptor antagonist propranolol. In the presence of lxlO'6 M 
propranolol, the relaxation response observed at lower concentrations of p-PEA (Figure 
2.14) was abolished (Figure 2.17).
washout
CRCa  1 hr equifibriation
2  2 “ propranolol
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Figure 2.17. Representative chart recording showing a cumulative concentration-response 
curve (CRC) for P-PEA on the guinea pig trachea to in the presence of propranolol (A = 
lxKT6 M, B = 3x1 O'6 M, C = lxKT5 M, D = 3xl0’5 M, E = lxKT4 M, F = 3xl(T* M, G = 
lxlO'3 M, H = 3xl0‘3 M, I = lxlO 2 M).
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The mean contractile response maximum of P-PEA was not significantly different 
(P>0.05) in the absence (0.51±0.17 g, n=4) and in the presence of propranolol 
(0.61 ±0.26 g, n=4). Contractile responses expressed as percentage of the maximum, 
however, showed significant differences (P<0.01) at concentrations below the 
maximum (Figure 2.18). The -log EC50 value of 2.68±0.26 was significantly (P<0.05) 
different from -3.75±0.17 in the presence of propranolol (Figure 2.18).
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Figure 2.18. Mean cumulative CRCs for contractile responses of the guinea pig trachea to p- 
PEA. Responses are the mean (±S.E.M.) contractions expressed as a percentage of the 
maximum contraction of CRCi. Mean responses (±S.E.M.) on individual concentrations of 
the P-PEA CRC with (n=4) and without propranolol (n=4) were compared by repeated 
measures ANOVA followed by Bonferroni pos-hoc test. Significant (P<0.01, **) 
differences. • —•  CRC after 60 min tissue equilibration and ■  CRC after 60 min 
tissue equilibration with lxlO-6 M propranolol.
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2.4.13 Contractile responses in guinea pig tracheal spirals to 
repeated p-PEA cumulative CRCs in the presence of propranolol -  
Absolute control
A separate set of control experiments were performed for the P-PEA CRC treated with 
1 x 10"6 M propranolol 10 minutes before each CRC (Figure 2.19).
1 hr equilibration
2 .2-1
2.0-
CRC2
~  1-8 -  
o>
c  1.6 - o
<0 c
1<r*M propranolol
oH
baseHne
1.0 -
0.8
10 minutes interval
Figure 2.19. Representative chart recording showing repeated cumulative concentration- 
response curve (CRC) for the contractile response of guinea pig trachea to P-PEA in the 
presence of propranolol (lxlO'6 M). Refer to Figure 2.17 for p-PEA concentrations used for 
each CRC.
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The mean contractile response maximum of P-PEA (n=5) showed no significant 
difference (P>0.05) between CRCi (0.66±0.26) and CRC2 (0.90±0.40 g) (Table 2.3). 
Contractile responses expressed as percentage of the maximum obtained in CRCi set to 
100% showed a non-significant potentiation (P>0.05) of the maximum from CRCi 
(3xl0 3 M, 98.85±0.66%) to CRC2 (3xl0 3 M, 128.10±13.59) (Figure 2.20.a). The true 
-log EC50 values of CRCi (-3.81±0.30) was not significantly different (P>0.05) from 
CRC2 (-3.76±0.26) (Table 2.3). Finally the dose ratio between CRCi and CRC2 was 
1.15±0.15 (Table 2.3).
2.4.14 Contractile responses of guinea pig tracheal spirals to 
repeated p-PEA cumulative CRCs in the presence of propranolol -  
DMSO control
To remove the relaxation observed at low doses of p-PEA, lxO-6 M propranolol (P- 
adrenoceptor blocker) was added 10 minutes prior to the construction of each p-PEA 
CRC (Figure 2.19) which remained present throughout the CRC. 0.1 mL DMSO was 
added 20 minutes prior to the construction of CRC2. The mean maximum contractile 
response on CRCi (0.76±0.08 g) was not significantly different (P>0.05) from CRC2 
(0.73±0.06 g) (Table 2.3). Contractile responses expressed as percentage of the 
maximum obtained in CRCi set to 100% however showed a significant relaxation 
(PO.01) from CRCi to CRC2 at concentrations lxlO'4 M and 3x10^ M (Figure 2.20.b) 
before the maximum response. In addition, the true -log EC50 value of CRCi (- 
4.12±0.25) was significantly different (P<0.05) from CRC2 (-3.21±0.18) (Table 2.3).
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The dose ratio (10.81 ±5.00) between CRCi and CRC2 indicates a slight shift of the 
slope of the curve to higher concentrations (Table 2.3).
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Figure 2.20. Mean cumulative CRCs for the contractile responses of guinea pig trachea in 
the presence of propranolol (lxlO'6 M) to P-PEA (a) absolute control, n=5, (b) DMSO 
control, n=4. Responses are the mean (±S.E.M.) contractions expressed as a percentage of 
the maximum contraction of CRCi. Mean responses (±S.E.M.) on individual concentrations 
of CRCi and CRC2 were compared by repeated measures ANOVA followed by Bonferroni 
pos-hoc test. Significant differences (**, PO.Ol). • —#  CRCi after 60 min tissue 
equilibration and ■ —■  CRC2 after 60 min tissue equilibration after the wash out of CRCi. 
0.1 mL DMSO was added 20 minutes prior to the construction of CRC2. Propranolol (1x10' 
6 M) was added 10 minutes before the construction of each CRC in (a) and (b).
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Table 2.3. Absolute control and DMSO control: Trachea. Summary of maximum an EC50 of mean cumulative CRC on constrictor responses (g) 
of guinea pig aorta using histamine and p-PEA. Responses are the mean (± S.E.M.) contractions. Mean responses (± S.E.M.) of CRC! and CRC2 
were compared by paired Student t-test. Significant (*, P<0.05) differences between CRCi and CRC2. 0.1 mL DMSO was applied 20 minutes prior 
to the construction of each CRC2 on the DMSO control.£ lxlO'6 M propranolol applied prior to each CRC.
Tissue Agonist CRC! c r c 2 Dose ratio VCRC2 / n
Absolute control
Histamine
Max (g) 1.42±0.53 1.27±0.43 5
-log EC50 -5.57±0.18 -5.19±0.14 3.22±1.29
P-PEA
Max (g) 0.51±0.17 0.61±0.20* 4
-log EC50 -2.86±0.29 -2.80±0.28 1.21±0.28
P-PEA£ + propranolol
Max (g) 0.66±0.26 0.90±0.40 5
-log EC50 -3.82±0.17 -3.82±0.14 1.15±0.15
DMSO control
Histamine
Max (g) 0.89±0.13 0.85±0.10 4
-log EC50 -6.02±0.28 -5.27±0.32 12.92±8.47
P-PEA£ + propranolol
Max (g) 0.76±0.08 0.73±0.06 4
-log ECS0 -4.12±0.25 -3.21±0.18* 10.81±5.00
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2.4.15 Contractile responses of guinea pig aortic rings to 
repeated phenylephrine cumulative CRCs — Absolute control
The addition of phenylephrine in cumulative CRCs caused concentration-related 
contractions (Figure 2.21).
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Figure 2.21. Representative chart recording showing repeated cumulative concentration- 
response curve (CRC) for the contractile response of guinea pig aorta to phenylephrine 
(A = lxlO'7 M, B = 3x1 O'7 M, C = lxlO-6 M, D = 3x1 O'* M, E = lxlO5 M, F = 3xl0’5 M, 
G = lxl(T* M, H = 3x1 O’4 M, I = lxlO 3 M).
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The mean maximum contractile response of phenylephrine (n=5) for CRCi (1.07±0.16 
g) was significantly (P<0.05) potentiated in CRC2(1.35±0.15 g) (Table 2.4). Contractile 
responses expressed as percentage of the maximum obtained in CRCi set to 100% 
further showed a significant (P<0.05) potentiation of the maximum from CRCi (lxlO '3 
M, 100.00±0.00%) to CRC2 (lxlO '3 M, 128.66±9.29%) (Figure 2.22.a). However true -  
log EC50 value of CRCi (-5.48±0.12) was not significantly different (P>0.05) from 
CRC2 (-5.25±0.09) resulting in a low dose ratio (1.92±0.54) (Table 2.4).
2.4.16 Contractile responses in guinea pig aortic rings to 
repeated phenylephrine cumulative CRCs -  DMSO Control
To test the effect of DMSO on the reproducibility of mean contractile response of 
guinea aorta treated with phenylephrine (n=5), 0.1 mL DMSO was applied prior to 
CRC2 . The mean contractile response maximum of phenylephrine on CRCi (1.19±0.24 
g) was significantly increased (P<0.05) in CRC2 (1.39±0.29 g) (Table 2.4). Contractile 
responses expressed as percentage of the maximum obtained in CRCi set to 100% 
further showed a significant potentiation (PO.01) of the maximum from CRCi (lx l O'3 
M, 98.25±1.75%) to CRC2 (lxlO '3 M, 120.32±5.41%) (Figure 2.22.b). The true -log 
EC50 value of CRCi (-5.67±0.18) however was not significantly different (P>0.05) 
from CRC2 (-5.76±0.29) (Table 2.4). The dose ratio between CRCi and CRC2 was 
0.95±0.27 (Table 2.4).
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Figure 2.22. Mean cumulative CRCs for the contractile responses of guinea pig aorta to 
phenylephrine (a) absolute control, n=4, and (b) DMSO control, n=5. Responses are the 
mean (±S.E.M.) contractions expressed as a percentage of the maximum contraction of 
CRCi. Mean responses (±S.E.M.) on individual concentrations of CRCi and CRC2 were 
compared by repeated measures ANOVA followed by Bonferroni pos-hoc test. Significant 
differences (*, P<0.05 or **, P<0.01). • —•  CRCi after 60 min tissue equilibration and 
■  CRC2 after 60 min tissue equilibration after the wash out of CRCi.
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2.4.17 Contractile responses in guinea pig aortic rings to 
repeated p-PEA cumulative CRCs -  Absolute Control
The addition of low concentrations of p-PEA in cumulative CRCs caused 
concentration-related contractions (Figure 2.23).
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Figure 2.23. Representative chart recording showing a series of cumulative concentration- 
response curve (CRC) for the contractile response of guinea pig aorta to P-PEA 
(A = 1x10* M, B = 3x1 O'6 M, C = lxlO'5 M, D = 3xl0'5 M, E = lxlO*4 M, F = 3X10-4 M, 
G = lxlO'3 M, H = 3x10'3 M, I = lxlO*2 M).
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The mean maximum contractile response of P-PEA (n=5) on CRCi (0.70±0.14 g) was 
significantly less (P<0.05) than from CRC2 (1.07±0.18 g) (Table 2.4). Contractile 
responses expressed as percentage of the maximum obtained in CRCi set to 100% also 
showed a significant potentiation (P<0.01) from CRCi to CRC2 at 3xlO^-lxlO'2 M P- 
PEA range (Figure 2.22.a). The true —log EC50 value of CRCi (-3.49±0.19) was not 
significantly different (P>0.05) from CRC2 (-3.51 ±0.14) (Table 2.4) and the dose ratio 
between CRCi and CRC2 was 1.00±0.16 (Table 2.4).
2.4.18 Contractile responses in guinea pig aortic rings to 
repeated p-PEA cumulative CRCs -  DMSO Control
To test the effect of DMSO on the reproducibility of mean contractile response of 
guinea aorta treated with p-PEA, 0.1 mL DMSO prior to CRC2 was applied. The mean 
contractile response maximum of p-PEA (n=5) on CRCi (0.46±0.07 g) was not 
significantly different (P>0.05) from CRC2 (0.60±0.05 g) (Table 2.4). However, 
contractile responses expressed as percentage of the maximum obtained in CRCi set to 
100% showed significant potentiation (P<0.05) from CRCi to CRC2 at 3xl0'3-lx l0‘2 
M P-PEA range (Figure 2.24.b). The true -log EC50 values of CRCi (-3.45±0.20) was 
not significantly different (P>0.05) from CRC2 (-3.48±0.17) (Table 2.4) and the dose 
ratio between CRCi and CRC2 was 1.06±0.27 (Table 2.4).
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Figure 2.24. Mean cumulative CRCs for the contractile responses of guinea pig aorta to P- 
PEA (a) Absolute control, n=4, and (b) DMSO control, n=4, treated with DMSO. 
Responses are the mean (±S.E.M.) contractions expressed as a percentage of the maximum 
contraction of CRCi. Mean responses (±S.E.M.) on individual concentrations of CRCi and 
CRC2 were compared by repeated measures ANOVA followed by Bonferroni pos-hoc test. 
Significant differences (**, P<0.01). • —#  CRCi after 60 min tissue equilibration and 
■  CRC2 after 60 min tissue equilibration after the wash out of CRCi. 0.1 mL DMSO 
was added 20 minutes prior to the construction of CRC2.
94
CHAPTER 2
Table 2.4. Absolute control and DMSO control: Aorta. Summary o f maximum and EC50 o f  mean cumulative CRC on constrictor responses (g) o f  
guinea pig aorta using phenylephrine and P-PEA. Responses are the mean (± S.E.M.) contractions. Mean responses (± S.E.M.) o f  CRCi and CRC2 
were compared by paired Student t-test. Significant differences (*, P<0.05). Note: 0.1 mL DMSO was applied 20 minutes prior to the construction 
o f  each CRC2 on the DMSO control.
Agonist CRC! c r c 2 D°se ratio ( ^ ) n
Absolute control
Phenylephrine Max (g) 1.07±0.16 1.35±0.15* 4
-log ECso -5.48±0.12 -5.25±0.09 1.92±0.54
P-PEA Max (g) 0.70±0.14 1.07±0.18* 5
-log EC50 -3.49±0.19 -3.51±0.14 1.00±0.16
DMSO control
Phenylephrine Max (g) 1.19±0.24 1.39±0.29* 5
-log EC50 -5.61±0.16 -5.73±0.26 0.87±0.22
P-PEA Max (g) 0.46±0.07 0.60±0.05 5
-log EC50 -3.45±0.20 -3.48±0.17 1.06±0.27
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2.5 Discussion
2.5.1 Contractile responses of guinea pig ileum in repeated
CRCs to 5-HT
5-HT caused concentration-dependent contractile responses of the guinea pig ileum 
(Figure 2.4). Physiological processes in the gut mediated by 5-HT includes increased 
GI motility, peristalsis (Olsson et al., 2010), intestinal secretion (Beubler et al., 1993), 
nausea and vomiting (Sanger et al., 2006). Previous studies show that 5-HT elicits 
smooth muscle contraction largely due to its direct action on 5-HT2 receptors (Cohen et 
al., 1985; Dickenson et al., 1994). Directly coupled to the G-protein Gq, 5 -HT2 
receptors can activate phospholiphase C (PLC) which initiates the formation of inositol 
triphosphate (PI3) which results in the increase of the cytoplasmic Ca2+ via the release 
of intracellular Ca2+ (Boess et al., 1994). In the gut 5-HT provides an important role in 
the regulation of GI processes (Gershon, 2004). Released from enterochromaffin cells 
5-HT can respond to diverse sensory and motor functions in the GI tract through variety 
of receptors found in the submucosal and myenteric neurons (Kim et al., 2000). When 
stimulated, 5 -HT3 or 5 -HT4 receptors located on enteric cholinergic neurons results also 
in smooth muscle contraction through acetylcholine release (Sikander et al., 2009).
In the present study cumulative additions of 5-HT gave almost identical repeated CRCs 
both in the absence and presence of DMSO (Figure 2.5). However further repetition of 
a third CRC showed significant decrease in the maximal response which might be due 
to 5-HT receptor desensitisation. Several recent studies revealed that GPCRs are prone
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to agonist induce heterologous desensitization due to receptor phosphorylation by 
protein kinase A (PKA) or protein kinase C (PKC), or with homologous desensitization 
which promotes receptors binding to arrestin that prevents G-protein coupling (Allen et 
al., 2008). Activation of 5 HT2 receptors by phosphorylation of PKC generally results to 
reduced agonist effect due feedback inhibition mediated by PKC (Rahman et al., 1993) 
or through phosphorylation of GPCR kinases (GRKs) which promotes binding to 
arrestin (Schmid et al., 2009). The inhibition of maximal responses on the third curve 
will not however affect the determination of the antagonistic action to 5-HT of plant 
extracts which are only present at CRC2. CRC3 are constructed to determine if 
reversibility on contractile responses to 5-HT occurs after plant extract washout.
2.5.2 Contractile responses of guinea pig ileum to methacholine
Methacholine caused concentration-related contractile responses on the guinea pig 
ileum (Figure 2.6). In the peripheiy muscarinic receptors play crucial roles in 
physiological functions like visceral smooth muscle contraction, activation of glandular 
secretion and heart rate control by parasympathetic stimulation (Kitazawa et al., 2007). 
A synthetic derivative of acetylcholine (ACh) it acts as a non-selective muscarinic 
receptor agonist (Scaf, 1971). Its possession of a charged amine group makes it 
insoluble to lipid cell membranes resulting to poor absorption in the GI tract and low 
penetration thought the blood-brain barrier (Brunton et al, 2005). In the body 
methacholine is metabolised at a relatively slow rate due to its low reactivity to 
acetylcholinesterases compared to acetylcholine (Rang et al., 2007; Scaf, 1971).
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In the GI tract, parasympathetic stimulation is well recognized to result in gut 
contraction (Caulfield, 1993). The direct stimulation of muscarinic receptors, M2 and 
M3 subtypes, causes visceral smooth muscle contraction in the gut (Kitazawa et al., 
2007) where M2 and M3 subtypes are abundantly expressed (Eglen et al., 1996). M3 
receptors largely causes smooth muscle contraction although their population in the 
mammalian gut accounts only for 30% compared to 70% of M2 receptors of the total 
muscarinic receptors (Darroch et al., 2000; Ponti et al., 1998). Muscarinic M3 receptor 
stimulation is linked through the activation of Gq which initiates DVmediated 
intracellular Ca2+ release resulting to PKC activation (Eglen et al., 2001; Lecci et al., 
2002). M2 receptors coupled to G* type receptor can also inhibit the AC activity leading 
to a decrease cAMP synthesis which switches off cAMP-mediated relaxation (Eglen et 
al., 2001; Lecci et al., 2002). Hyperactivity of the smooth muscle occurs in irritable 
bowel syndrome, asthma and chronic obstructive pulmonary disease is associated with 
increased sensitivity to muscarinic receptor stimulation and both M2 or M3 receptors 
blockade have been proven a useful approach in identifying therapeutic agents (Eglen 
et al., 2 0 0 1 ).
In the present study, the presence or absence of DMSO in repeated cumulative CRCs 
showed superimposed and identical curves obtained for methacholine (Figure 2.7). So 
for future experiments DMSO will be used to dissolve plant extracts for antagonist 
activity screening against methacholine. CRC3 will be constructed to determine if 
reversibility on contractile responses to methacholine can be observed after plant 
extract washout.
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2.5.3 Contractile responses in guinea pig ileum and trachea to 
histamine
Histamine caused concentration-dependent contractions in the isolated guinea pig ileum 
and trachea (Figure 2.8 & Figure 2.12). Histamine smooth muscle contraction is largely
due to stimulation of the histamine Hi-receptor subtype, coupled to Gq which stimulates
•  •  2 1PLC and activates secondary signal transduction cascades resulting to intracellular Ca
release via the IP3 pathway, and increased levels of DAG which activates PKC 
(Timmerman et al., 2009). In allergic conditions, histamine is one of the major 
compounds released from mast cells (Leurs et al, 1991a). Mast cells coupled from the 
CNS through the myenteric neurons and submucous enteric neurons are involved in the 
induction of stress-induced adjustment of GI functions (Schultheiss et al., 2005). In the 
airways, histamine release results in various asthmatic symptoms through the 
stimulation of Hi-receptor which are responsible for broncoconstriction and increased 
pulmonary vascular resistance (Leurs et al., 1991a; Leurs et al., 1990). On the other 
hand, activation of Hi-receptors results also in relaxation of the vascular smooth muscle 
due to the production and release of an endothelium derived relaxant factor, nitric oxide 
(NO) (Leurs et al., 1991a).
In the present study, guinea pig ileum repeated cumulative CRCs to histamine revealed 
almost identical and superimposed curves (Figure 2.9). So the effects of inhibitors 
which are added in CRC2 can be readily evaluated. CRC3 are constructed to determine 
if any reversibility on the contractile response occur after the inhibitor washout. DMSO
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which is used to dissolve plant extracts prior to its antagonistic activity evaluation 
against histamine showed no significant effects on the repeatability of the curves.
In the guinea pig trachea, the contractile maximum showed a reproducible action to 
repeated CRCs to histamine (Figure 2.13). Although a small non-significant shift of the 
slope of the curves to the right was observed this does not alter the reproducibility of 
the CRCs. This reduction of histamine efficacy in repeated dosage exposure was shown 
previously as a consequence to homologous Hi receptor desensitization (Leurs et al., 
1990; Leurs et al., 1991b). In the presence of DMSO a significant small shift of the 
curve to higher concentrations was observed but because of the relatively small dose 
ratio obtained, plant extract dissolved in DMSO can be straightforwardly evaluated.
2.5.4 Contractile responses of guinea pig ileum, trachea and
aorta to p-PEA
P-PEA caused concentration-related contractile responses on the guinea pig ileum, 
trachea and aorta (Figure 2.10, Figure 2.14 and Figure 2.23). It manifests smooth 
muscle contraction at micromolar concentrations but is present only in trace amounts in 
the body due to its rapid metabolism by mono amine oxidase B (Zucchi et.al, 2006). In 
the periphery, p-PEA and other trace amines are regarded as indirectly acting 
symphathomimetic amine inducing pharmacological effects through the release of 
noradrenaline from sympathetic neurons (Broadley, 2010; Knoll et al., 1996). On the 
gut and trachea this activity would manifest as relaxation or bronchoconstriction (Rang 
et al., 2007). However in the present study p-PEA caused contraction of both ileum and
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trachea. In the aorta vasoconstriction is through the stimulation of ai-adrenoceptors 
(Broadley, 2010; Hansen et al., 1980; Hawthorn et al., 1985). Opposing actions like 
vasodilatation via the stimulation of P-adrenoceptors is also a possibility (Broadley et 
al., 2009). These contractile responses are not therefore due to symphatomimetic 
actions but have thought to be due to stimulation or phenylethylaminergic receptors or 
Trace amine-associated receptors (Broadley, 2010; Hawthorn et al., 1985). In the case 
of aorta, although ai-adrenoceptors may explain vasoconstriction it has been shown that 
the ai-adrenoceptor antagonist prazosin does not inhibit the vasoconstriction by P-PEA 
in rat aorta (Fehler et al., 2010) and by other trace amines in coronary arteries (Herbert 
et al., 2008). In guinea pig aorta, the related trace amine lOlathinone (Al-Motarreb et 
al., 2010) and ecstasy (Baker et al., 2007) are also inhibited by prazosin. Therefore it 
can be assumed that the vasoconstriction by P-PEA in guinea pig aorta is not mediated 
via ai -adrenoceptors but via trace amine associated receptors.
In the present study on the guinea pig ileum repeated exposure to p-PEA showed 
almost identical CRC (Figure 2.11). In the CRC3 however a non-significant reduction 
of maximal responses was observed which might be probably due to repeated exposure 
of TAARs to p-PEA resulting to desensitization. This inhibition of responses will not 
however affect the evaluation of plant extracts which are present only in CRC2 . In the 
presence of DMSO non-significant alteration of the repeated CRCs was observed. So 
for future work the effects of plant extracts dissolved in DMSO will be readily 
evaluated.
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In the guinea pig trachea, a biphasic effect was observed (Figure 2.14). At low 
concentrations of p-PEA a relaxation took place followed by contractions at higher 
concentrations. The relaxation can be attributed by the stimulation of p-adrenoceptors 
since it was blocked by propranolol (Figure 2.17) which confirms previous findings 
(Hawthorn et al., 1985). In the presence of propranolol, repeated p-PEA CRCs showed 
a significant potentiation of the maximum contractile effect which was inhibited in the 
presence of DMSO (Figure 2.20). In addition the presence of DMSO significantly 
shifted the slope of the curves to the right. The potentiation caused by repeated 
exposure in the presence of propranolol to P-PEA will not however affect the 
evaluation of the antagonistic activity of plant extracts since they were prepared in 
DMSO. Given the relatively small dose ratio obtained the effects of inhibitors or plants 
extracts can be readily evaluated.
Repeated P-PEA in the aorta caused a significant potentiation of the contractile 
responses on repeated exposure (Figure 2.24). In the presence of DMSO this 
potentiation by repeated exposures to P-PEA was maintained in CRC2. Based on this 
assessment the antagonistic activity of plant extracts dissolved in DMSO can be readily 
evaluated for p-PEA.
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2.5.5 Contractile responses of guinea pig aorta in repeated
CRCs to phenylephrine
Phenylephrine (PE) caused concentration-dependent constrictor responses on the 
guinea pig aorta. The aortic smooth muscles contractions to phenylephrine are due to 
ai-adrenoceptor which produces largely its contractile effects via intracellular calcium 
release in the sarcoplasmic reticulum brought about by increase in IP3 and DAG 
concentrations mediated through the stimulation of PLC (Ford et al., 1999; Fox et al., 
1985). Another mechanism which also results to smooth muscle contraction is partly 
due extracellular Ca2+ influx via receptor-operated channels (Ford et al., 1999). PE is 
used mainly as a decongestant, its effectiveness results from vasoconstriction of nasal 
blood vessels which decrease the blood flow to the sinusoidal vessels resulting in 
decreased mucosal edema (Corboz et al., 2008; Morissette et al., 2007). It is also used 
to increase blood pressure in patients with hypotension without increasing the heart rate 
or contractility (Alahuhta et al., 1992; Nagashima et al., 1997). PE is used also to dilate 
the pupil in the form of eye drops (Eyeson-Annan et al., 1998).
In the present study repeated exposure of the aortic rings to PE caused potentiation of 
the contractile responses to PE and an increase on the maximum response. This 
increase in vascular tone may be due to priming-up of intracellular Ca2+ storage sites 
caused by repeated exposure to the agonist (McCarron et al., 2006; Mellentin et al., 
2007). In the SR Ca2+-binding proteins like calsequestrin and/or calreticulin can 
actively impound Ca2+ (Bums et al, 1993). Based on Ca2+ affinity to Ca2+-binding 
proteins it can be argued that during the first PE challenge, Ca2+ uptake is lesser
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because its attraction to Ca2+-binding proteins is stronger. During the second PE 
challenge more Ca2+ is being released due to Ca2+ weaker affinity to Ca2+-binding 
proteins resulting to stronger contractile responses.
A thorough analysis on intracellular and extracellular Ca2+ uptake and reuptake on 
guinea pig aorta using PE as agonist will be presented in Chapter 6. Although there is a 
significant potentiation of the maximal response on repeated exposure to PE, with or 
without DMSO, contractile responses relative to the curve own maximum showed 
identical and superimposed curves. So for future experiments on assessment of 
antagonistic activity of plant extracts the repeated CRC in guinea pig aorta to PE will 
be used.
The potentiation of P-PEA acting via TAARs could also be through the same 
mechanisms.
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Pharmacological effects of Sesbania 
grandiflora and Chrysanthemum 
coronarium extracts on responses of the 
guinea pig ileum to 5-HT, methacholine, 
histamine and P-PEA
CHAPTER 3
3.1 Introduction
The present study was undertaken to examine the possible antagonistic activity of crude 
extracts of S. grandiflora mid C. coronarium on responses of guinea-pig ileum 
mediated via 5 -HT2 receptor, muscarinic M3 receptor, histamine Hi receptor and the 
Trace amine-associated receptor (TAAR). Phytochemical study of both of these plants 
revealed the occurrence of bioactive components mostly derivatives of flavonoids and 
terpenes that exhibited therapeutic uses in various diseases of the gastrointestinal tract 
and cardiovascular system (refer to section 1.6.1 and 1.6.2).
Previous ethno-pharmacological survey and phytochemical reports have shown that 
different parts of S. grandiflora have beneficial use as laxative, emetic (induce 
vomiting), antipyretic and tonic (Duke, 1983). The flowers are used as a vegetable and 
are also believed to cause hypotension (Fojas et al., 1982). Other parts such as the 
leaves, roots and bark have been reported to have analgesic property and anti­
inflammatory activity and are used for the treatment of sprains and contusions and also 
in diarrhoea and dysentery (Duke, 1983; Subramanian et al., 2003).
For C. coronarium, the leaves are consumed as a vegetable and reported to have 
laxatives properties (Ragasa et al., 1997). Cumambrin A, a sesquiterpene-lactone, was 
also isolated from the C. coronarium and has been shown to cause hypotension in rats 
(Lee et al., 2003b; Lee et al., 2003c).
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3.2 Aims
• Collection and preparation of crude extract of S. grandiflora (leaves and 
flowers) and C. coronarium leaves.
• To study the antagonistic property of S. grandiflora (leaves and flowers) crude 
extracts against 5-HT, methacholine, histamine and p-PEA employing repeated 
cumulative concentration response curves (CRCs) for the contractile responses 
of guinea pig isolated ileum.
• To study the antagonistic property of C. coronarium leaves crude extracts 
against 5-HT, methacholine, histamine and P-PEA employing repeated 
cumulative concentration response curves (CRCs) for the contractile responses 
of guinea pig isolated ileum.
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3.3 Material and Methods
The main methods and experimental protocols described in Chapter 2 were retained 
throughout this study unless otherwise stated.
3.3.1 Collection of S. grandiflora and C. coronarium
Sesbania grandiflora and C. coronarium were collected from Bayombong, Nueva 
Vizcaya, Philippines in September 2007 for pharmacological evaluation (Table 3.1). 
Voucher specimens were submitted to the Philippine National Museum for plant 
identification (See appendix). Plants samples were purchased from local and 
commercial sources and sent intact from Nueva Vizcaya, Philippines to Cardiff 
University, Wales UK.
Table 3.1. Collection of Sesbania grandiflora and Chrysanthemum coronarium.
Family Fabaceae Asteraceae
Species Sesbania grandiflora Chrysanthemum coronarium
Place Bayombong, Nueva Vizcaya, 
Philippines
Bayombong, Nueva Vizcaya, 
Philippines
Date September 2007 September 2007
Parts used Flowers and leaves Leaves
Drying method Air drying method (cabinet) Air drying method (cabinet)
Collected by: Gaudencio M. Natividad Gaudencio M. Natividad
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3.3.2 Protocols for chloroform and methanol plant extraction
Air dried plant parts pulverized to powder was soaked with an excess amount of hexane 
for at least 24 hours to remove most of the plants fatty acids, pigments and non-polar 
components. The mixture was filtered and the filtrate was collected and concentrated in 
a rotary evaporator yielding the “crude hexane fraction”. The residue was further 
extracted with an excess amount of chloroform for another 24 hours. After filtration 
and solvent evaporation of collected filtrates the “chloroform crude extract” was 
obtained. Further extraction of the residues with excess amount of methanol for another 
24 hours followed. The mixture obtained after filtration and solvent evaporation of the 
collected filtrates yields the “crude methanol extract” (Figure 3.1). The crudes extracts 
were then weight and stored in a freezer at -20°C.
filtration filtration filtration
Solvent evaporation Solvent evaporationSolvent evaporation
residueSoaked in 
hexane
Hexane crude 
extract
Soaked in 
methanol
Methanol crude 
extract
Chloroform crude 
extract
Soaked in 
chloroform
Plant material (S. grandiflora or 
C. coronarium)
Figure 3.1. Simplified diagram for chloroform and methanol crude extraction of S. 
grandiflora and C. coronarium.
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3.3.3 Experimental protocol
After equilibration, a series of three cumulative CRCs for 5-HT, histamine, 
methacholine or P-PEA in each section of guinea pig ileum were obtained in the 
absence and presence and after washout of different crude extracts of S. grandiflora and 
C. Coronarium. One milligram of each of the crude extracts was dissolved in 0.1 mL 
DMSO and incubated individually with the tissue for 20 minutes prior to the 
construction of each CRC2. The approximate concentration of the plant extract in a 50 
mL bath was therefore equivalent to 0.02 mg/mL.
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3.4 Results
3.4.1 Extraction of S. grandiflora and C. coronarium
Air-dried S. grandiflora (flowers and leaves) and C. coronarium (leaves) were 
individually subjected to extraction protocols described in section 3.3.2. An initial 
weight of 98.00 g of S. grandiflora flowers yielded 3.23 g of chloroform layer and 3.11 
g methanol layer. Sesbania grandiflora leaves (141.00 g) also yielded 4.35 g of the 
chloroform layer and 4.12 g of methanol layer. The extraction of C. coronarium leaves 
(36.00 g) yielded 1.23 g of chloroform crude extract and 1.15 g methanol crude extract.
The different plants extracts used in this study are S. grandiflora flower chloroform 
extract (SGF-CHCI3 ), S. grandiflora flower methanol extract (SG F-M eO H ), S. 
grandiflora leaves chloroform extract (SG L-C H C I3), S. grandiflora leaves methanol 
extract (SG L-M eO H ), C. coronarium leaves chloroform extract (CC-CHCI3) and C. 
coronarium leaves methanol extract (C C -M eO H ).
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3.4.2 Effect of 5. grandiflora crude extracts on contractile
responses of guinea pig ileum to 5-HT
5-HT caused concentration-related constrictor responses on the guinea pig ileum. In the 
presence of SGF-CHCI3 the maximum contractile response to 5-HT [CRCi (2.20±0.38 
g), n=4] was significantly (P<0.01) inhibited to 1.00±0.24 g (Table 3.2). Contractile 
responses expressed as percentage of the maximum obtained in CRCi set to 100% 
further showed significant (P<0.05) reduction of contractions at the maximal response 
(3x1 O'6 M) after the addition of the SGF-CHCI3 from 89.96±10.04% to 28.49±8.81% 
(Figure 3.2.a).
The addition of SGF-MeOH (n=4) and SGL-MeOH (n=4) showed non-significant 
inhibition of the maximal contractile responses to 5-HT (Figure 3.2.b, Figure 3.2.d 
Table 3.2). For SGL-CHCI3 (n=4) however a non-significant potentiation of the 
maximum is observed (Figure 3.2.b).
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Figure 3.2. Effects of chloroform and methanol extracts of S. grandiflora on mean 
cumulative CRCs of guinea pig ileum for contractions to 5-HT, (a) SGF-CHC13, n=4, (b) 
SGF-MeOH, n=4, (c) SGL-CHC13, n=4, and (d) SGL-MeOH, n=4. Responses are the mean 
(±S.E.M.) contractions expressed as a percentage of the maximum contraction of CRCi. 
Mean responses (±S.E.M.) on individual concentrations of CRCi and CRC2 were compared 
by repeated measures ANOVA followed by Bonferroni pos-hoc test. Significant (P<0.01, 
**) differences between CRCi and CRC2. • —•  CRCi after 30 min tissue equilibration, 
■ —■ CRC2 after 30 min tissue equilibration after the wash out of first curve, and 0 - 0  
CRC3 after 30 min tissue equilibration from the washout of second curve. 1 mg of S. 
grandiflora crude extract dissolve in 0.1 mL DMSO was added prior to the construction of
crc2.
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Table 3.2. Summary of the effects of S. grandiflora crude extracts on the maximum and the true -log EC50 values of mean cumulative CRC for the 
constrictor response of the guinea pig ileum to 5-HT. Maximum responses are mean (±S.E.M.) contractions. True EC50 (±S.E.M.) were computed 
based on constrictor responses relative to the maximum of each CRC set to 100%. Mean maximum responses (±S.E.M.) and the true -log EC5o 
(±S.E.M.) of CRCj and CRC2, and CRC2 and CRC3 were compared using their corresponding values by paired Student t-test. Significant (P<0.01, 
**) differences between CRCi and CRC2. 1 mg of S. grandiflora crude extract dissolve in 0.1 mL DMSO was added prior to the construction of 
CRC2.
Plant Extract CRC, c r c 2 c r c3 Dose ratio \CRCZ/ n
SGF-CHClj Max (g) 2.20±0.38 1.00±0.24** 0.99±0.32 4
-log EC50 -6.24±0.24 -6.48±0.14 -6.38±0.09 0.76±0.37
SGF-MeOH Max (g) 1.21±0.30 0 .8 8 ±0 .1 2 0.95±0.19 4
-log EC50 -6.56±0.21 -6.79±0.29 -6.46±0.19 0.71±0.28
SGL-CHCb Max (g) 1.68±0.14 1.59±0.09 1.07±0.27 4
-log EC50 -6.40±0.10 -6.95±0.27 -6.83±0.34 0.38±0.15
SGL-MeOH Max (g) 1.92±0.59 1.32±0.36 0.83±0.27 4
-log EQo -6.07±0.40 -5.94±0.32 -6.40±0.16 4.43±2.48
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3.4.3 Contractile responses in guinea pig ileum to repeated 
CRCs for methacholine -  effect of S. grandiflora crude extracts
Methacholine caused concentration-dependent contractile responses on the guinea pig 
ileum. Contractile responses expressed as percentage of the maximum obtained in 
CRCi set to 100% showed the addition of SGF-MeOH caused significant (P<0.01) 
inhibition of contractile responses to methacholine at (3xl0'7 M) [CRCi 
(67.61 ±6.06%), CRC2 (23.81±5.42%), n=4] (Figure 3.3.b). In addition SGF-MeOH 
caused a shift of the curve to higher concentrations indicated by the significant change 
(P<0.05) on the -log EC50 to methacholine from -7.03±0.25 to -6.31±0.11 resulting to 
a dose ratio of 6.31±2.53 (Table 3.3).
The addition of SGL-MeOH causes a non-significant inhibition of the maximum 
(Figure 3.3.c), and a significant (P<0.01) parallel shift of the curves to the right 
indicated by the true -log EC50 to methacholine [CRCi (-7.49±0.05), CRC2 (- 
7.22±0.05), n=4] but with a very small change indicated by its dose ratio (1.88±0.19) 
(Table 3.3). Both SGF-CHCI3 (n=4) and SGL- CHCI3 (n=4) showed no significant 
inhibition of contractile responses induced by methacholine (Figure 3.3.a, Figure 3.3.c).
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Figure 3.3. Effects of chloroform and methanol extracts of S. grandiflora on mean 
cumulative CRCs of guinea pig ileum for constriction to methacholine (a) SGF-CHC13, 
n=4, (b) SGF-MeOH, n=4, (c) SGL-CHC13, n=4, and (d) SGL-MeOH, n=4. Responses are 
the mean (±S.E.M.) contractions expressed as a percentage of the maximum contraction of 
CRCi. Mean responses (±S.E.M.) on individual concentrations of CRCi and CRC2 were 
compared by repeated measures ANOVA followed by Bonferroni pos-hoc test. Significant 
(P<0.01, **) differences between CRC, and CRC2. • —•  CRCi after 30 min tissue 
equilibration, ■  CRC2 after 30 min tissue equilibration after the wash out of first curve, 
and 0 —0  CRC3 after 30 min tissue equilibration from the washout of second curve. 1 mg 
of S. grandiflora crude extract dissolve in 0.1 mL DMSO was added prior to the 
construction of CRC2.
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Table 3.3. Summary o f  the effects o f  S. grandiflora crude extract on the maximum and the true -log EC50 values o f  mean cumulative CRC for the 
constrictor response o f the guinea pig ileum to methacholine. Maximum responses are mean (±S.E.M.) contractions. True EC50 (±S.E.M.) were 
computed based on constrictor responses relative to the maximum o f  each CRC set to 100%. Mean maximum responses (±S.E.M.) and the true -log 
EC50 (±S.E.M.) o f CRCi and CRC2, and CRC2 and CRC3 were compared using their corresponding values by paired Student t-test. Significant (*, 
P<0.05 or **, P O .O l) differences between CRCi and CRC2. 1 mg o f S. grandiflora crude extract dissolve in 0.1 mL DMSO was added prior to the 
construction o f CRC2.
Plant Extract CRC, c r c 2 c r c 3 Dose ratio
VCRCZ/
n
SGF-CHCI3 Max (g) 3.57±1.18 2.15±0.62 3.05±1.23 4
-log ECso -7.35±0.08 -7.10±0.24 -7.01±0.19 2.53±1.36
SGF-MeOH Max (g) 1.94±0.49 1.55±0.38* 1.66±0.31 4
-log EC50 -7.03±0.25 -6.31±0.11 -6.38±0.22 6.31±2.53
SGL-CHCI3 Max (g) 3.79±0.41 3.39±0.68 3.05±0.65 4
-log EC50 -7.54±0.10 -7.49±0.09 -7.40±0.11 1.13±0.12
SGL-MeOH Max (g) 1.66±0.97 1.17±0.70 1.24±0.71 4
-log EC50 -7.49±0.05 -7.22±0.05** -7.22±0.10 1.88±0.19
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3.4.4 Effects of S. grandiflora crude extracts on the contractile
responses of guinea pig ileum to histamine
Histamine caused concentration-related contractile responses on the guinea pig ileum. 
In the presence of SGF-CHCI3, the maximum contractile response to histamine (CRCi, 
4.55±0.75 g, n=4) was significantly (P<0.05) inhibited (CRC2, 2.10±0.23 g) (Table
3.4). Contractile responses expressed as percentage of the maximum obtained in CRCi 
set to 100% further showed significant (PO.Ol) reduction of the maximum in the 
presence of SGF-CHCI3. There was also a significant (PO.Ol) degree of recovery of 
responses after the plant extract washout at the maximal dose (lxlO*5 M) to histamine 
[CRCi (100.0±0.0%), CRC2 (46.5±4.0%), CRC3 (74.4±6.3%)] (Figure 3.4.a).
Contractile responses expressed as percentage of the maximum obtained in CRCi set to 
100% showed significant inhibition (P<0.01) of contractile responses in the presence of 
SGF-MeOH (n=4) at lower doses (lxlO '7 M to 3xl0'6 M) of histamine (Figure 3.4.b). 
The contractile responses expressed as percentage of their own CRC maximum set to 
100% further showed a significant (PO.Ol) reduction in the curve to higher 
concentration indicated by true -log EC50 values obtained for histamine (CRCi, 
-6.82±0.18, CRC2, -5.43±0.08) resulting in a dose ratio of 35.19± 16.29. Reversibility of 
contractile responses after plant extract washout was also indicated by the significant 
(PO.05) reduction in the true -log EC50 values obtained in CRC3 (-6.18±0.12) (Table
3.4).
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The maximum contractile responses to histamine CRCs in the presence and after 
washout of SGL-CHCI3 (n=4) or SGL-MeOH (n=4) showed no significant differences 
(P>0.05) (Table 3.4, Figure 3.4.c, Figure 3.4.d). However, when the contractile 
responses were expressed as percentage of their own CRC maximum there was a 
significant shift (P<0.05) of the CRC for histamine as shown by the -log EC50 values 
from -6.86±0.23 to -5.96±0.09 in the presence of the SGL-MeOH. After washout 
significant recovery to -6.38±0.17 was also noted. A dose ratio of 10.19±3.51 was 
observed (Table 3.4).
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Figure 3.4. Effects of chloroform and methanol extracts of S. grandiflora on mean 
cumulative CRCs of guinea pig ileum for constriction to histamine (a) SGF-CHC13, n=4, 
(b) SGF-MeOH, n=4, (c) SGL-CHCI3, n=4, and (d) SGL-MeOH, n=4. Responses are the 
mean (±S.E.M.) contractions expressed as a percentage of the maximum contraction of 
CRC]. Mean responses (±S.E.M.) on individual concentrations of CRCi and CRC2 were 
compared by repeated measures ANOVA followed by Bonferroni pos-hoc test. Significant 
(**, PO.Ol) differences between CRCi and CRC2 and C+, PO.Ol) between CRC2 and 
CRC3. • —•  CRCi after 30 min tissue equilibration, ■ —■  CRC2 after 30 min tissue 
equilibration after the wash out of first curve, and O--O CRC3 after 30 min tissue 
equilibration from the washout of second curve. 1 mg of S. grandiflora crude extract 
dissolve in 0.1 mL DMSO was added prior to the construction of CRC2.
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Table 3.4. Summary o f  the effects o f S. grandiflora crude extract on the maximum and the true -log EC50 values o f mean cumulative CRC for the 
constrictor response o f  the guinea pig ileum to histamine. Maximum responses are mean (±S.E.M.) contractions. True EC50 (±S.E.M.) were 
computed based on constrictor responses relative to the maximum o f  each CRC set to 100%. Mean maximum responses (±S.E.M.) and the true -log 
EC50 (±S.E.M.) o f  CRCi and CRC2, and CRC2 and CRC3 were compared using their corresponding values by paired Student t-test. Significant (*, 
P<0.05 or **, P O .O l) differences between CRCi and CRC2 and (+, P O .05) between CRC2 and CRC3. 1 mg o f S. grandiflora crude extract dissolve 
in 0.1 mL DMSO was added prior to the construction o f CRC2.
Plant Extract CRC, c r c 2 c r c 3 Dose ratio (£RC;) n
SGF-CHCI3 Max (g) 4.55±0.75 2.100.23 3.490.76 4
-log EC50 -6.29±0.10 -5.940.02 -5.940.08 2.490.56
SGF-MeOH Max (g) 2.300.32 1.750.22 2.080.19 4
-log EC50 -6.82±0.18 -5.430.08** -6.180.12+ 35.19±16.29
SGL-CHCI3 Max (g) 3.820.54 3.820.24 3.460.30 4
-log ECso -6.540.15 -6.450.06 -6.300.06 1.470.47
SGL-MeOH Max (g) 2.240.76 2.220.81 1.990.78+ 4
-log EC50 -6.860.23 -5.960.09* -6.380.17+ 10.19±3.51
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3.4.5 Effects of S, grandiflora crude extracts on the contractile
responses of guinea pig ileum to 0-PEA
p-PEA caused concentration-related constrictor responses on the guinea pig ileum. The 
contractile responses expressed as percentage of the maximum obtained in CRCi set to 
100% at the maximal dose (lxlO'3 M) to p-PEA [CRCi (100.00tfc0.00%)] was 
significantly (PO.Ol) inhibited (CRC2, 36.75±8.91%) by the addition of SGF-CHCI3. 
After plant extract washout, a significant (PO.05) recovery of the p-PEA maximum 
[CRC3 (3x1 O'3 M, 63.87± 15.46%)] was also noted (Figure 3.5.a). In the presence of 
SGL-MeOH significant (PO.05) inhibition was also observed at the maximal dose 
(lxlO3 M) to p-PEA [CRC, (99.21±3.04%), CRC2 (54.70±11.97%)] (Figure 3.5.d). 
However, no significant change was observed on the true -log EC50 values resulting in 
dose ratio of 1.73±0.85 (Table 3.5).
In the absence, presence and after washout of SGF-MeOH (n=4) or SGL-CHCI3 (n=4) 
no significant effects were observed on the contractile responses elicited by p-PEA 
(Figure 3.5.b, Figure 3.5.c, Table 3.5).
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Figure 3.5. Effect of chloroform and methanol extracts of S. grandiflora on mean 
cumulative CRCs of guinea pig ileum for constriction to P-PEA (a) SGF-CHC13, n=4, (b) 
SGF-MeOH, n=4, (c) SGL-CHCI3, n=5, and (d) SGL-MeOH, n=4. Responses are the mean 
(±S.E.M.) contractions expressed as a percentage of the maximum contraction of CRCi. 
Mean responses (±S.E.M.) on individual concentrations of CRCi and CRC2 were compared 
by repeated measures ANOVA followed by Bonferroni pos-hoc test. Significant differences 
(*, P<0.05 or **, P<0.01) between CRCi and CRC2, and (+, P<0.05) between CRC2 and 
CRC3. • —•  CRCi after 30 min tissue equilibration, ■ —■ CRC2 after 30 min tissue 
equilibration after the wash out of first curve, and 0 - 0  CRC3 after 30 min tissue 
equilibration from the washout of second curve. 1 mg of S. grandiflora crude extract 
dissolve in 0.1 mL DMSO was added prior to the construction of CRC2.
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Table 3.5. Summary o f  the effects o f  S. grandiflora crude extract on the maximum and the true -log EC50 values o f mean cumulative CRC for the 
constrictor response o f the guinea pig ileum to p-PEA. Maximum responses are mean (±S.E.M.) contractions. True EC50 (±S.E.M.) were computed 
based on constrictor responses relative to the maximum o f  each CRC set to 100%. Mean maximum responses (±S.E.M.) and the true -log EC50 
(±S.E.M.) o f  CRCi and CRC2, and CRC2 and CRC3 were compared using their corresponding values by paired Student t-test. Significant 
differences (**, P O .O l) between CRCi and CRC2. 1 mg o f  S. grandiflora crude extract dissolved in 0.1 mL DMSO was added prior to the 
construction o f CRC2.
Plant Extract CRCi CRC2 CRC3 Dose ratio (CRC*) n
SGF-CHCI3 Max (g) 2.11±0.47 0.790.20** 1.220.16 4
-log EC50 4.25±0.16 -4.250.19 -4.140.37 1.48±0.63
SGF-MeOH Max (g) 1.02±0.18 0.960.28 0.810.17 4
-log ECso -3.820.22 -3.360.10 -3.550.22 5.36±3.17
SGL-CHCI3 Max (g) 1.640.32 1.580.31 1.570.28 4
-log EC50 -3.730.06 -3.990.12 -3.740.09 0.630.15
SGL-MeOH Max (g) 1.390.41 0.920.27 0.930.27 4
-log ECso -3.960.21 -4.000.27 -3.900.28 1.730.85
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3.4.6 Effects of C. coronarium crude extracts on the contractile 
responses in guinea pig ileum to 5-HT, methacholine, histamine and 
P-PEA
5-H T , histam ine, m ethacholine and p-PEA  caused concentration-related contractile 
responses on the guinea p ig ileum . The presence o f  CC-CHCI3 significantly (P <0.05) 
inhibited the m axim um  contractile responses to  m ethacholine from 4 .19±0.91  g  to  
2 .2 1 ± 0 .5 1  g  (Table 3 .6). R esponses expressed as percentage o f  the m axim um  obtained  
in C R C i set to  100%  further show ed the inhibition o f  m axim um  contractions elicited  by  
5-H T  ( lx lO -6  M ) [(P <0.05), CRC, (97.19±2.00% ) , CRC 2  (63 .28±12.12% )], 
m ethacholine ( lx lO -* M  ) [(P <0.01), C R C , ( lx lO -6  M , 96.113.89% ), CRC 2  ( 3 x 1 O' 7  M , 
50 .09± 5 .62% )] and histam ine [(P O .O l) , CRC, ( lx lO ' 5 M , 90.84±5.32% ), CRC 2 
(1 x 1 0  s M , 60 .69± 4 .49% )] (Figure 3 .6 .a-c). The presence o f  CC-CHCI3 show ed non- 
sign ificant inhibition o f  the m axim al responses CRCs for P-PEA (Figure 3.6.d).
T he addition o f  C C -M eO H  to repeated CR C s o f  5-H T, m ethacholine, histam ine and P- 
P E A  sh ow s no sign ificant effects on contractile responses (Table 3.7 , Figure 3.7).
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Figure 3.6. Effects of chloroform and methanol extracts of C. coronarium chloroform 
crude extract on mean cumulative CRCs of guinea pig ileum for constriction to (a) 5-HT, 
n=4, (b) methacholine, n=4, (c) histamine, n=4, and (d) P-PEA, n=4. Responses are the 
mean (±S.E.M.) contractions expressed as a percentage of the maximum contraction of 
CRCi. Mean responses (±S.E.M.) on each dose between CRCi vs. CRC2, and CRC2 vs. 
CRC3 were compared by repeated measures ANOVA followed by Bonferroni pos-hoc test. 
Significant differences (*, P<0.05 or **, PO.Ol) between CRCi to CRC2. • —•  CRCi 
after 30 min tissue equilibration, ■ —■ CRC2 after 30 min tissue equilibration after the 
wash out of first curve, and O—O CRC3 after 30 min tissue equilibration from the washout 
of second curve. One milligram of C. coronarium chloroform crude extract dissolved in 0.1 
mL DMSO was applied prior to the construction of CRC2.
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Figure 3.7. Effects of chloroform and methanol extracts of C. coronarium methanol crude 
extract on mean cumulative CRCs of guinea pig ileum for constriction to (a) 5-HT, n=4, (b) 
methacholine, n=4, (c) histamine, n=4, and (d) P-PEA, n=4 in the presence of C. 
coronarium methanol crude extract. Responses are the mean (±S.E.M.) contractions 
expressed as a percentage of the maximum contraction of CRCi. Mean responses (±S.E.M.) 
on each dose between CRC] vs. CRC2, and CRC2 vs. CRC3 were compared by repeated 
measures ANOVA followed by Bonferroni pos-hoc test. No significant differences between 
CRCi vs. CRC2 and CRC2 vs. CRC3 were observed. # —#  CRC! after 30 min tissue 
equilibration, ■  CRC2 after 30 min tissue equilibration after the wash out of first curve, 
and 0 —0  CRC3 after 30 min tissue equilibration from the washout of second curve. One 
milligram of C. coronarium methanol crude extract dissolved in 0.1 mL DMSO was applied 
prior to the construction of CRC2.
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Table 3.6. Summary o f  the effects o f  C. coronarium chloroform crude extract on the maximum and the true -log EC50 values o f mean cumulative 
CRC for the constrictor response o f  the guinea pig ileum to 5-HT, methacholine, histamine and p-PEA. Maximum responses are mean (±S.E.M.) 
contractions. True EC50 (±S.E.M.) were computed based on constrictor responses relative to the maximum o f  each CRC set to 100%. Mean 
maximum responses (±S.E.M.) and the true -log EC50 (±S.E.M.) o f  CRCi and CRC2, and CRC2 and CRC3 were compared using their 
corresponding values by paired Student t-test. Significant differences (*, P<0.05) between CRCi and CRC2. One milligram o f  C. coronarium 
chloroform crude extract dissolved in 0.1 mL DMSO was applied prior to the construction o f  CRC2.
Agonist CRC! CRCz CRC3 Dose ratio ( ^ | ) n
5-HT Max (g) 1.59±0.25 0.99±0.25 0.99±0.17 4
-log ECso -6.47±0.15 6.87±0.22 -6.36±0.08 0 .84± 0 .53
Methacholine Max (g) 4.19±0.91 2.21±0.51* 2.70±0.63 4
-log EC50 -7.53±0.07 -7.45±0.04 -7.44±0.08 1.23±0.13
Histamine Max (g) 3.62±1.25 2.18±0.81 2.91±1.10 4
-log EC50 -6.76±0.25 -6.29±0.12 -6.30±0.15 4 .0 5± 1 .75
P-PEA Max (g) 1.05±0.11 0.91±0.14 0.95±0.10 4
-log EC50 -4.14±0.16 -4.34±0.23 -4.27±0.27 0.94±0.49
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Table 3.7. Summary o f  the effect o f C. coronarium methanol crude extract on the maximum and the true -log EC50 values o f  mean cumulative 
CRC for the constrictor response o f  the guinea pig ileum to 5-HT, methacholine, histamine and p-PEA. Maximum responses are mean (±S.E.M.) 
contractions. True EC50 (±S.E.M.) were computed based on constrictor responses relative to the maximum o f  each CRC set to 100%. Mean 
maximum responses (±S.E.M.) and the true -log EC50 (±S.E.M.) o f  CRCi and CRC2, and CRC2 and CRC3 were compared using their 
corresponding values by paired Student t-test. N o significant differences (P<0.05) between CRCi and CRC2 was observed. One milligram o f  C. 
coronarium methanol crude extract dissolved in 0.1 mL DMSO was applied prior to the construction o f CRC2.
Agonist CRC! CRC2 CRC3 Dose ratio ( ^ | ) n
5-HT Max (g) 0.91±0.28 1.14±0.35 1.04±0.26 4
-log EC50 -7.04±0.05 -6.76±0.27 -6.58±0.19 3.53±1.99
Methacholine Max (g) 1.09±0.37 0.97±0.29 0.98±0.27 4
-log EC50 -7.42±0.16 -7.34±0.11 -7.25±0.15 1.61±0.81
Histamine Max (g) 1.24±0.36 1.21±0.27 1.20±0.29 4
-log ECso -7.03±0.19 -6.85±0.18 -6.91±0.15 2.70±0.95
P-PEA Max (g) 0.85±0.27 0.62±0.11 0.61±0.20 4
-log EC50 -4.08±0.09 -4.41±0.08 4.54±0.11 0.53±0.17
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3.5 Discussion
3.5.1 The antagonistic activity of Sesbania grandiflora on
contractile responses of the guinea pig ileum to 5-HT, 
methacholine, histamine and p-PEA
In the present study pharm acological screening o f  the flow ering part o f  S. grandiflora 
revealed  that the ch loroform  extract (SGF-CHCI3) causes a n on-com petitive irreversible 
inhibition o f  5-H T , n on -sign ifican t inhibition o f  m ethacholine, non-com petitive  
reversib le inhibition  o f  the m axim al contractile responses to  histam ine and P-PEA. 
Thus it w as relatively  sp ec ific  and the lack o f  non -sp ecific  activity indicates that this 
extract d oes not contain  a com ponent w ith  m em brane stabilizing or channel blocking  
properties. T he m ethanol layer (SGF-MeOH) revealed the presence o f  a com petitive  
reversib le h istam ine Hj antagonist and to a lesser extent a com petitive m uscarinic M 3 
antagonist b y  a parallel sh ift o f  the contractile response CRC to histam ine and 
m ethacholine on the gu inea p ig  ileum  to  the right. In addition, the m ethanol extracts o f  
the lea v es (SGL-MeOH) also  show ed  specific-selective-com petitive histam ine  
antagonist actions, and significant non-com petitive inhibition to P-PEA. The 
chloroform  extract o f  th e leaves w as largely w ithout activity. T hese suggest that the 
inhibitory properties o f  the m ethanolic flow er and leaves extracts o f  S. grandiflora 
against h istam ine and m ethacholine are mediated largely through H i receptor 
antagonism  and partly by M 3 receptor antagonism .
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Histamine Hi and muscarinic M3 receptors, both coupled directly to the G-protein Gq 
cause smooth muscle contraction mainly through the stimulation of PLC which initiates 
the formation of PI that leads to intracellular Ca2+ release via the stimulation of PI3 
receptor in the sarcoplasmic reticulum (Ehlert, 2003; Nahorski et a l , 1997; Notcovich 
et a l , 2010). In the blood vessels, on the other hand both Hi receptors (Beyak et al., 
1995; Kim et al., 2008) and M3 receptors (Khurana et a l, 2005) can also initiate nitric 
oxide (NO) production in the endothelium resulting to vascular smooth muscle 
relaxation. However this effect is not relevant here to the ileum.
The traditional belief is that the S. grandiflora flowers can lower blood pressure and 
previous reports on its hypotensive activity (Fojas et al., 1982) indicate that this might 
be due to the stimulation by the plant extract of Hi receptors or M3 receptors which 
initiates nitric oxide (NO) release that results in hypotension. The histamine-like 
stimulation which was inhibited by mepyramine, a Hi receptor inhibitor, in the isolated 
guinea pig ileum was previously reported also by Fojas et al. (1982). However in the 
present study it is ANTagonistic against Hi receptors that have been identified rather 
than agonist activity. In addition the methanolic extracts also revealed anti­
inflammatory properties against carrageenan-induce paw edema (Kuhad et a l , 2009) 
which might be mediated by Hi receptor or M3 receptor. This further validates the S. 
grandiflora traditional use in the treatment of sprains, contusions and gastrointestinal 
illnesses such as diarrhoea and dysentery in which the medicinal relevance is probably 
antagonizing either Hi receptor or M3 receptor. This would induce relaxation and 
inhibition of motility to relieve diarrhoea. Previously it was reported that the root 
extracts of S. grandiflora have anti-diarrhoeal activity (Subramanian et al., 2003). The
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anti-diarrhoeal action of the roots extract in the gut has a high probability that 
derivatives or similar compounds from the leaves are acting also through the Hi 
receptor and M3 receptor.
The various parts of the plants can also cause CNS depression in mice (Fojas et al., 
1982) or anticolvulsant profile and anxiolytic (antianxiety) activity (Kasture et al., 
2002).
3.5.2 The antagonistic activity of C. coronarium on contractile
responses of the guinea pig ileum to 5-HT, methacholine, histamine 
and p-PEA
The phytochemical studies carried out on different parts of C. coronarium revealed an 
array of compounds that can be used in various illnesses. Among the C. coronarium 
extracts, CC-CHCI3 showed a significant inhibition of the maximal contractile 
responses induced by 5-HT, methacholine and histamine but not p-PEA. The lack of 
specificity of the blocking effects indicates that the compounds present in the plant may 
block all of the annotated receptors or have a non-specific local anaesthetic relaxation 
on the tissue. If that was the case, however, it does not explain why p-PEA contractions 
were not inhibited. The inhibition of contractile responses does not explain the laxative 
properties of the plant (Gins et al., 2000) since it would favour a constipating action.
Cumambrin A, a sesquiterpene lactone isolated from the plant, was reported to strongly 
lower blood pressure (Lee et al., 2003c). However the current study does not allow any 
conclusion on whether the hypotension of cumambrin A is mediated by 5-HT receptors,
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muscarinic receptors or histamine receptors since the effects were not examined in the 
aorta.
The CC-MeOH showed no significant inhibition against 5-HT, methacholine, histamine 
and p-PEA.
3.6 Conclusion
This chapter further validates the traditional use of S. grandiflora in the treatment of 
diarrhoea, dysentery, inflammation and high blood pressure which might be mediated 
largely through histamine Hi and partly by muscarinic M3 antagonism. Both of the 
methanol layer of S. grandiflora flowers and leaves exhibited histamine Hi antagonism 
while muscarinic M3 antagonism was observed only in the methanol layer of the 
flowers.
The investigations of S. grandiflora and C. coronarium showed no potential TAAR 
antagonist properties.
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Pharmacological effects of Viiex negundo 
and Moringa oleifera acid-base extracts 
on responses of guinea pig ileum, 
trachea and aorta to 5-HT, 
methacholine, histamine, 
phenylephrine 
and p-PEA
CHAPTER 4
4.1 Introduction
In the present chapter the acid-base extracts of Vitex negundo leaves and Moringa 
oleifera baric will be examined on their possible antagonistic activity mediated through 
the serotonin 5 -HT2 receptors, histamine Hi receptors, muscarinic M3 receptors and 
TAAR in the gut, histamine Hi receptors and TAAR in the airways, and ai- 
adrenoceptor and TAAR in the vascular system. In the phytochemical study of V. 
negundo it revealed the presence of polar bioactive components like 
phenylnaphthalene-type lignan alkaloid vitedoamine A (Zheng et al., 2009a). While 
previous work on M. oleifera showed the presence of polar components like alkaloids 
with antihypertensive properties (Dangi et al., 2002).
Traditionally most of the alkaloid containing plants was used for therapeutic and 
recreational purposes (Dragull et al., 2003). Examples of these substances include the 
stimulant nicotine and caffeine (Cohen et a l, 1991; Rose et a l, 1991); psychoactive 
substances like cocaine (Rudnick et a l, 1993), amphetamine and cathinone (Goudie, 
1985); and bioactive substances like morphine and its derivatives (Buss et a l, 2010; 
Macht et a l, 1917; Mitsui et a l, 1995). Although compounds like serotonin and 
histamine contain basic nitrogen atoms they are usually designated as amines rather 
than alkaloids (Cseke et a l, 2006).
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4.2 Aims
• To study the antagonistic property of V. negundo and M. oleifera acid-base 
crude extracts to 5-HT, methacholine, histamine and P-PEA employing repeated 
cumulative concentration response curves (CRCs) for the contractile responses 
of guinea pig isolated ileum.
• To study the antagonistic property of V. negundo and M. oleifera acid-base 
crude extracts to histamine and P-PEA employing repeated CRCs for the 
contractile responses of guinea pig isolated trachea.
• To study the antagonistic property of V. negundo and M. oleifera acid-base 
crude extracts to phenylephrine and P-PEA employing repeated CRCs for the 
contractile responses of guinea pig isolated aorta.
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4.3 Material and Methods
The main methods and experimental protocols described in Chapter 2 were retained 
throughout this study unless otherwise stated.
4.3.1 Collection of V. negundo and M. oleifera
Vitex negundo and M. oleifera were collected from Occapon, Villaverde, Nueva 
Vizcaya, Philippines in January 2009 for pharmacological evaluation (Table 4.1). 
Voucher specimens were submitted to the Philippine National Museum for plant 
identification (See Appendix). Plants samples were purchased from local and 
commercial sources and sent intact from Nueva Vizcaya, Philippines to Cardiff 
University, Wales UK.
Table 4.1. Collection o f  Vitex negundo and Moringa oleifera
Family Verbenaceae Moringaceae
Species Vitex negundo Moringa oleifera
Place Occapon, Villaverde, Nueva 
Vizcaya, Philippines
Occapon, Villaverde, Nueva 
Vizcaya, Philippines
Date January 2009 January 2009
Parts used Leaves Bark
Drying method Air drying method (cabinet) Air drying method (cabinet)
Collected by: Felix Apolonio, Jr. Felix Apolonio, Jr.
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4.3.2 Protocols for acid-base plant extraction
Air-dried plant parts pulverized to powder were soaked with an excess amount of 0.1 M 
hydrochloric acid (HC1) overnight to remove most of the polar components. After 
filtration the pH of the collected filtrate was adjusted to approximately pH=12 using 
ammonium hydroxide (NH3OH). The mixture was extracted and partitioned with an 
equal volume of dichloromethane (DCM). The DCM layer was collected and dried with 
MgSC>4 (Figure 4.1). After filtration and solvent evaporation, the crude extract was 
collected, weighed and stored in a freezer at -20°C (Hohenschutz et al., 1981; Kam et 
al., 1999; Mroczek et al., 2006; Silvaa et al., 2007).
filtrate
Solvent evaporation
residuefiltration
DCM layer
Aqueous layer
Plant material
Soaked in 0.1 
M HCL
PH adjusted 
to  12 with 
NH3OH
Acid-base crude 
extract
Mixture 
partition with 
DCM
Figure 4.1. Simplified diagram for acid-base plant extraction
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4.3.3 Acid-base extraction V. negundo and M. oleifera
Plant parts of V negundo and M. oleifera were subjected to acid-base crude extraction 
protocols described in section 4.3.2. Air-dried V Negundo (160.00 g) leaves and M oleifera 
(190.00 g) bark each yielded 0.57 g and 0.09 g respectively.
4.3.4 Experimental protocol
After equilibration, a series of three cumulative CRCs for 5-HT, histamine, 
methacholine and p-PEA in the guinea pig ileum, repeated CRCs for histamine and p- 
PEA in the guinea pig trachea, and repeated CRCs for phenylephrine mid P-PEA in the 
guinea pig aorta were obtained in the absence and presence and after washout of V. 
negundo acid-base extracts (VN-E) or M. oleifera acid-base extracts (MO-E) (Figure 
4.9). Propranolol (lxlO'6 M) was added 10 minutes before each CRC in tracheal 
contractions due to p-PEA (refer to section 2.4.13). Preliminary experiments using 1 
mg of the VN-E showed the total inhibition of contractile responses induced by 5-HT, 
methacholine, histamine and P-PEA. Due to this non-selective blocking property of the 
VN-E the amount was adjusted to 0.33 mg for all subsequent experiments. 1.00 mg of 
MO-E or 0.33 mg of VN-E was dissolved individually in 0.1 mL DMSO and incubated 
separately with the tissue for 20 minutes prior to the construction of each CRC2. 
Approximate concentration of the plant extract in a 50 mL bath was therefore 
equivalent to 6.60x1 O'3 mg/mL for V negundo and 0.02 mg/mL for M. oleifera.
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4.4 Results
4.4.1 Effects of V. negundo acid-base extract on contractile
responses of guinea pig ileum to 5-HT, methacholine, histamine and 
P-PEA
5-HT, methacholine, histamine and p-PEA caused concentration-dependent constrictor 
responses on the guinea pig ileum. The maximum contractile responses showed a 
significant inhibition in the presence of the VN-E to 5-HT (n=4, P<0.01) from CRCi 
(2.25±0.33 g) to CRC2 (0.73±0.23 g) and histamine (n=5, P<0.05) from CRCi 
(1.29±0.28 g) to CRC2 (0.56±0.11 g) (Table 4.2). Contractile responses expressed as 
percentage of the maximum obtained in CRCi set to 100% showed also significant 
reduction (PO.Ol) of the maximal contractile responses to 5-HT (3x1 O'7 M) from 
95.87±4.13% to 31.04±6.63% (Figure 4.2.a), histamine (3xl0*7 M) from 100.00±0.00% 
to 47.51±10.57% (Figure 4.2.c) and P-PEA (lxlO*3 M, n=4) from 92.62±4.67 to 
23.21±11.77% (Figure 4.2.d). A non-significant inhibition of maximal responses to 
methacholine (3xl0*7 M, n=5) from 100.00% to 66.31±17.90 (Figure 4.2.b) was also 
observed. The contractile responses expressed as percentage of their own CRC 
maximum set to 100% showed a significant change to the -log EC50 of histamine from - 
8.10±0.17 to -7.27±0.21. Relatively large and variable dose ratios were obtained for 5- 
HT (46.7±34.0) and histamine (17.2±11.9) (Table 4.2).
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Figure 4.2. Effects of acid-base extracts of V negundo (VN-E) on mean cumulative CRCs 
of guinea pig ileum for constriction to (a) 5-HT, n=4, (b) methacholine, n=5, (c) histamine, 
n=5, and (d) P-PEA, n=4. Responses are the mean (±S.E.M.) contractions expressed as a 
percentage of the maximum contraction of CRCi. Mean responses (±S.E.M.) on individual 
concentrations of CRCi and CRC2 were compared by repeated measures ANOVA followed 
by Bonferroni pos-hoc test. Significant differences (**, P<0.01) between CRCi and CRC2, 
and P<0.01) between CRC2 and CRC3. • —•  CRCi after 30 min tissue equilibration,
■  CRC2 after 30 min tissue equilibration after the wash out of first curve, and 0 - 0  
CRC3 after 30 min tissue equilibration from the washout of second curve. 0.33 mg of V. 
negundo crude extract dissolved in 0.1 mL DMSO was added 20 min prior to the 
construction of CRC2.
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Table 4.2. Summary of the effects of V negundo acid-base extracts (VN-E) on the maximum and the true -log EC50 values of mean cumulative 
CRC for the constrictor response of the guinea pig ileum to 5-HT, methacholine, histamine and P-PEA. Maximum responses are mean (±S.E.M.) 
contractions. True EC50 (±S.E.M.) were computed based on constrictor responses relative to the maximum of each CRC set to 100%. Mean 
maximum responses (±S.E.M.) and the true -log EC50 (±S.E.M.) of CRCi and CRC2, and CRC2 and CRC3 were compared using their
f—f
corresponding values by paired Student t-test. Significant differences (*, P<0.05 or **, PO.Ol) between CRCi and CRC2, and ( , P<0.01) 
between CRC2 and CRC3. 0.33 mg of V negundo crude dissolved in 0.1 mL DMSO was added 20 min prior to the construction of CRC2. 0.33 mg 
of V negundo crude extract dissolved in 0.1 mL DMSO was added 20 min prior to the construction of CRC2.
Agonist CRC! c r c 2 c r c 3 Dose rat,o(CRc;) n
5-HT
Max (g) 2.25±0.33 0.73±0.23** 0.97±0.28 4
-log EC50 -8 .2 2 ±0 .6 8 -7.22±0.21 -7.17±0.21 46.72±33.96
Methacholine
Max (g) 1.14±0.22 0.67±0.06 0.93±0.06++ 5
-log EC50 -8.35±0.12 -8.02±1.19 -7.40±0.39 3.59±1.50
Histamine
Max (g) 1.29±0.28 0.56±0.11* 0.87±0.21 5
-log EC50 -8.10±0.17 -7.27±0.21* -6.96±0.04 17.15±11.88
P-PEA
Max (g) 0.75±0.26 0.24±0.08 0.40±0.19 4
-log EC50 -4.53±0.20 -4.71±0.15 -4.62±0.09 0.72±0.17
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4.4.2 Effects V negundo acid-base extracts on contractile
responses of guinea pig trachea to histamine and p-PEA
Histamine and P-PEA caused concentration-related constrictor responses on the guinea 
pig trachea. Contractile responses expressed as percentage of the maximum obtained in 
CRCi set to 100% showed significant effect of the VN-E to histamine (n=4) CRC at 
lower concentrations (lxlO'6 to lxlO'5 M) before the maximum occurred (Figure 4.3.a). 
In addition, the VN-E caused a significant shift of the curve to the right indicated by the 
change in -log EC5o values obtained for histamine from -5.86±0.14 to -5.21±0.12 
resulting in a dose ratio of 4.87±1.37 (Table 4.3). No significant effect of the VN-E to 
p-PEA (n=4) was observed (Table 4.3, Figure 4.3.b). VN-E also causes a 23.7±1.52% 
and 4.81 ±4.93% baseline lowering to phenylephrine and p-PEA from the baselines 
before plant extract addition (Figure 4.4).
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Figure 4.3. Effects of acid-base extracts of V. negundo (VN-E) on mean cumulative CRCs
of guinea pig trachea for constriction to (a) histamine, n=4, (b) p-PEA, n=4. Responses are 
the mean (±S.E.M.) contractions expressed as a percentage of the maximum contraction of 
CRCi. Mean responses (±S.E.M.) on individual concentrations of CRCi and CRC2 were 
compared by repeated measures ANOVA. Significant differences (*, P<0.05 or **, P<0.01) 
between CRCi and CRC2. • —•  CRCi after 60 min tissue equilibration and ■ —■  CRC2 
after 60 min tissue equilibration after the wash out of CRCi. 0.33 mg of V negundo crude 
extract dissolved in 0.1 mL DMSO was added 20 min prior to the construction of CRC2. 
Propranolol (lxlO-6 M) was added 10 minutes before the construction of each CRCs in P- 
PEA.
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Figure 4.4. Representative chart recording showing the effects of V negundo acid-base 
extracts in repeated contractile response CRCs of the guinea pig trachea to (a) histamine 
(refer to section 2.4.9 for histamine concentrations used for each CRC) and (b) P-PEA 
(refer to section 2.4.12 for P-PEA concentrations used for each CRC).
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4.4.3 Effects V. negundo acid-base extracts on contractile
responses of guinea pig aorta to phenylephrine and p-PEA
Phenylephrine and p-PEA caused concentration-related constrictor responses on the 
guinea pig aorta. Repeated cumulative CRCs for both phenylephrine and p-PEA 
previously showed a significant increase in the maximum contractions obtained in the 
second curve (refer to section 2.5.4 and section 2.5.5). In the presence of VN-E, 
however, the increase of the maximum in the second CRC was not observed to 
phenylephrine (n=4, Figure 4.5.a) and P-PEA (n=5, Figure 4.5.b). The -log EC50 values 
on phenylephrine and P-PEA also showed no significant changes in the presence of the 
plant extract (Table 4.3). VN-E also causes a 10.82±1.43% and 1.27±1.73% baseline 
lowering to phenylephrine and P-PEA from the baseline before plant extract addition 
(Figure 4.6).
146
CHAPTER 4
120i
x
to
E
60
co
wca>t- 30
10 -»
Phenylephrine (M)
150-1
g 120
E
d  90
30
P-PEA (M)
Figure 4.5. Effects of acid-base extracts of V negundo (VN-E) on mean cumulative CRCs
of guinea pig aorta for constriction to (a) phenylephrine, n=4, and (b) (J-PEA, n=4. 
Responses are the mean (±S.E.M.) contractions expressed as a percentage of the maximum 
contraction of CRCi. Mean responses (±S.E.M.) on individual concentrations of CRCi and 
CRC2 were compared by repeated measures ANOVA. No significant difference (P>0.05) 
between CRCi and CRC2 was observed. • —•  CRCi after 60 min tissue equilibration and 
■ —■  CRC2 after 60 min tissue equilibration after the wash out of CRCi. 0.33 mg of V 
negundo crude extract dissolved in 0.1 mL DMSO was added 20 min prior to the 
construction of CRC2. 0.33 mg of V negundo crude extract dissolved in 0.1 mL DMSO 
was added 20 min prior to the construction of CRC2.
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Figure 4.6. Representative chart recording showing the effects of V negundo acid-base 
extracts in repeated contractile response CRCs of the guinea pig aorta to (a) phenylephrine 
(refer to section 2.4.15 for phenylephrine concentrations used for each CRC) and (b) P-PEA 
(refer to section 2.4.17 for P-PEA concentrations used for each CRC).
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Table 4.3. Summary of the effects of V negundo acid-base extracts (VN-E) on the maximum and the true -log EC50 values of mean cumulative 
CRC for the constrictor response of the guinea pig trachea to the agonist histamine and P-PEA, and aorta to phenylephrine and P-PEA. Maximum 
responses are mean (±S.E.M.) contractions. True EC50 (±S.E.M.) were computed based on constrictor responses relative to the maximum of each 
CRC set to 100%. Mean maximum responses (±S.E.M.) and the true -log EC50 (±S.E.M.) of CRCi and CRC2, and CRC2 and CRC3 were compared 
using their corresponding values by paired Student t-test. Significant differences **, P<0.01) between CRCi and CRC2. 0.33 mg of V negundo 
crude extract dissolved in 0.1 mL DMSO was added 20 min prior to the construction of CRC2. Propranolol (lxlO'6 M) was added 10 minutes 
before the construction of each CRC in p-PEA.
Tissue Agonist CRC, c r c 2 Doseratio( ^ ) n
Trachea
Histamine
Max (g) 1.07±0.23 0.93±0.13 4
-log EC50 -5.86±0.14 -5.21±0.12** 4.87±1.37
P-PEA
Max (g) 0.74±0.20 0.62±0.10 4
-log EC50 -3.34±0.22 -3.50±0.30 2.07±1.42
Aorta
Phenylephrine
Max (g) 0.93±0.18 0.96±0.15 4
-log EC50 -5.80±0.16 -5.73±0.23 1.25±0.27
P-PEA
Max (g) 0.69±0.13 0.84±0.20 4
-log EC50 -3.14±0.10 -2.74±0.29 3.82±2.12
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4.4.4 Effects of M. oleifera acid-base extract on contractile 
responses of guinea pig ileum to 5-HT, methacholine, histamine and 
P-PEA
5-H T, m ethacholine, h istam ine and p-PEA  caused concentration-related constrictor 
responses on the gu inea p ig  ileum . The m axim um  contractile response o f  5-H T (n=4), 
m ethacholine (n=4) and p-PEA (n=4) show ed a significant (P < 0 .05 ) degree o f  
inhibition in the presence o f  the M O -E from 2 .61±0.31  g, 3 .21± 0 .95  g  and 0 .6 8 ± 0 .1 4  g  
to  1 .70±0.54  g, 1 .9 2 ± 0 .3 8  g  and 0 .3 3 ± 0 .0 6  g  respectively. Significant recovery o f  
responses (P <0.05) w as observed  in P-PEA (0 .7 4 ± 0 .1 2 ) after the M O -E  w ashout (Table
4 .4 ). Contractile responses expressed  as percentage o f  the m axim um  obtained in CRCi 
set to  100% confirm ed the sign ificant reduction o f  the m axim um  responses to  5-H T  
(1 x  1 O' 6  M , P < 0 .01) from 100 .00±0.00%  to  62.96±14.77% , m ethacholine ( lx lO ' 6  M , 
P O .O l)  from 93 .95± 6 .05%  to  59 .41± 7 .94%  and P-PEA ( lx lO ' 3 M , P < 0 .05) from  
89 .56± 10 .10%  to 4 3 .04± 13 .54%  (Figure 4 .7 ). The -log  EC 50  values show ed no  
sign ificant change in the presence o f  the plant extract, how ever variable shift to  the 
right o f  the curves w as indicated by dose ratio obtained for 5-H T ( 1 1 .72± 9 .28) and p- 
P E A  (1 7 .6 9 ±  17.59) (T able 4 .4).
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Figure 4.7. Effects of acid-base extracts of M Oleifera (MO-E) on mean cumulative 
CRCs of guinea pig ileum for constriction to (a) 5-HT, n=4, (b) methacholine, n=4, (c) 
histamine, n=5, and (d) P-PEA, n=4. Responses are the mean (±S.E.M.) contractions 
expressed as a percentage of the maximum contraction of CRCi. Mean responses (±S.E.M.) 
on individual concentrations of CRCi and CRC2 were compared by repeated measures 
ANOVA followed by Bonferroni pos-hoc test. Significant differences (*, P<0.05 or **, 
P<0.01) between CRC! and CRC2 or C , P<0.01) between CRC2 and CRC3. •  CRC, 
after 30 min tissue equilibration, ■  CRC2 after 30 min tissue equilibration after the 
wash out of first curve, and O—O CRC3 after 30 min tissue equilibration from the washout 
of second curve. 1 mg of M. oleifera crude extract dissolved in 0.1 mL DMSO was added 
20 min prior to the construction of CRC2.
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Table 4.4. Summary of the effects of M. oleifera acid-base extracts (MO-E) on the maximum and the true -log EC50 values of mean cumulative 
CRC for the constrictor response of the guinea pig ileum to the agonist 5-HT, methacholine, histamine and P-PEA. Maximum responses are mean 
(±S.E.M.) contractions. True EC50 (±S.E.M.) were computed based on constrictor responses relative to the maximum of each CRC set to 100%. 
Mean maximum responses (±S.E.M.) and the true -log EC50 (±S.E.M.) of CRCi and CRC2, and CRC2 and CRC3 were compared using their 
corresponding values by paired Student t-test. Significant differences (*, P<0.05) between CRCi and CRC2 or (+, P<0.05 or ++, P<0.01) between 
CRC2 and CRC3. 1 mg of M. oleifera crude extract dissolved in 0.1 mL DMSO was added 20 min prior to the construction of CRC2.
Agonist CRC, c r c 2 c r c 3 Dose ratio(^“ )  VCRC2 / n
5-HT M ax (g) 2.61±0.31 1.70±0.54* 2.17±0.30 4
-log EC50 -7.38±0.57 -7.01±0.14 -6.48±0.21 11.72±9.28
M ethacholine M ax (g) 3.21±0.95 1.92±0.38* 2.67±0.61 4
-log ECjo -7.44±0.19 -7.16±0.10 -7.35±0.12 2.47±1.13
Histamine M ax (g) 2.25±0.87 1.60±0.44 1.81±0.43 4
-log EC50 -7.04±0.06 -6.55±0.25 -6.53±0.18 4.39±1.84
P-PEA M ax (g) 0.68±0.14 0.33±0.06* 0.74±0.12+ 4
-log EC 50 -5.09±0.71 -5.64±0.35 -4.27±0.35++ 17.69± 17.59
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4.4.5 Effects M. oleifera acid-base extracts on contractile 
responses in guinea pig trachea to repeated CRCs for histamine 
and p-PEA
Histamine and P-PEA caused concentration-dependent contractile responses in guinea 
pig trachea. The maximum contractile response to histamine (0.92±0.11 g, n=4) showed 
a significant (P<0.05) potentiation (1.24±0.14 g) in the presence of the MO-E (Table 
4.5). Contractile responses expressed as percentage of the maximum obtained in CRCi 
set to 100% further showed a significant (P<0.05) increase to histamine (3x1 O*4 M) 
from 97.60±1.00% to 125.51 ±9.43% when treated with the plant extract (Figure 4.8.a). 
No significant changes in the -log EC50 values for histamine CRC was observed. The 
plant extract also showed no significant effects to contractile responses induced by p- 
PEA (n=4) (Figure 4.8.b, Table 4.5). MO-E causes also a 16.76±5.34% and 
6.90±3.90% baseline lowering in the histamine and p-PEA experiments from the 
resting baseline before plant extract addition (Figure 4.9).
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Figure 4.8. Effects of acid-base extracts of M. Oleifera (MO-E) on mean cumulative 
CRCs of guinea pig trachea for constriction to (a) histamine, n=4, (b) P-PEA, n=4. 
Responses are the mean (±S.E.M.) contractions expressed as a percentage of the maximum 
contraction of CRCi. Mean responses (±S.E.M.) on individual concentrations of CRCi and 
CRC2 were compared by repeated measures ANOVA. Significant difference **, P<0.01) 
were observed on (a). • —•  CRCi after 60 min tissue equilibration and ■  CRC2 after 
60 min tissue equilibration after the wash out of CRCi. Propranolol (lxlO'* M) was added 
10 minutes before the construction of each CRC in P-PEA. Significant differences (*, 
P<0.05 or **, P<0.01) between CRCi. 1 mg of M. oleifera crude extract dissolved in 0.1 
mL DMSO was added 20 min prior to the construction of CRC2.
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Figure 4.9. Representative chart recording showing the effects of M. oleifera acid-base 
extracts in repeated contractile response CRCs of the guinea pig trachea to (a) histamine 
(refer to section 2.4.9 for histamine concentrations used for each CRC) and (b) P-PEA 
(refer to section 2.4.12 for P-PEA concentrations used for each CRC).
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4.4.6 Effects M. oleifera alkaloid extracts on contractile
responses in guinea pig aorta to repeated CRCs for phenylephrine 
and p-PEA
Phenylephrine and p-PEA  caused concentration-dependent constrictor responses to  
guinea pig aorta. R epeated cum ulative C R C s for both phenylephrine and P-PEA  
w ithout any treatment previously  sh ow ed  significant potentiation in the contractile 
m axim um  obtained in the second  curve (refer to  Figure 2 .21 , Figure 2 .23 and Table
2 .4 ). The m axim um  contractile resp on ses to phenylephrine (0 .96± 0 .26  g, n=4) and p- 
P E A  (0 .62±0.26  g, n = 5) in the presence o f  M O -E  w ere not significantly different 
(P > 0 .05 ) from the responses in its absence (1 .12± 0 .31  g  and 0 .57± 0 .23  g) (Table 4 .5). 
Contractile responses expressed  as percentage o f  the m axim um  obtained in CRCi set to  
100%  further show ed no sign ificant (P > 0 .05 ) d ifferences obtained for phenylephrine 
( lx lO ' 3 M ) from 99 .67± 0 .19%  to 96 .62±15.01% , and P-PEA ( l x l O 2  M ) from  
98.64±1.36%  to 86 .87± 13 .14%  (Figure 4 .1 0 ). N o  significant change in the - lo g  EC 50 
values on phenylephrine and P-PEA w as observed (Table 4 .5 ). M O -E also  causes a lso  a 
baseline lowering o f  13 .80±4.71%  to phenylephrine and 2 .85± 3 .850%  increase to p- 
P E A  baseline from the resting baselines before plant extract addition (Figure 4 .11 ).
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Figure 4.10. Effects of acid-base extracts of M. Oleifera (MO-E) on mean cumulative 
CRCs of guinea pig aorta for constriction to (a) phenylephrine, n=4, and (b) p-PEA, n=4. 
Responses are the mean (±S.E.M.) contractions expressed as a percentage of the maximum 
contraction of CRCi. Mean responses (±S.E.M.) on individual concentrations of CRCi and 
CRC2 were compared by repeated measures ANOVA. No significant difference (P<0.05) 
were seen on phenylephrine and p-PEA. • —•  CRCi after 60 min tissue equilibration and 
CRC2 after 60 min tissue equilibration after the wash out of CRCi. 1 mg of M 
oleifera crude extract dissolved in 0.1 mL DMSO was added 20 min prior to the 
construction of CRC2.
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Figure 4.11. Representative chart recording showing the effects of M. oleifera acid-base 
extracts in repeated contractile response CRCs of the guinea pig aorta to (a) phenylephrine 
(refer to section 2.4.15 for phenylephrine concentrations used for each CRC) and (b) P-PEA 
(refer to section 2.4.17 for P-PEA concentrations used for each CRC).
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Table 4.5. Summary o f the effects o f  M. oleifera acid-base extracts (M O -E) on the maximum and the true -log EC50 values o f  mean cumulative 
CRC for the constrictor response o f the guinea pig trachea to the agonist histamine and p-PEA, and aorta to phenylephrine and P-PEA. Maximum 
responses are mean (±S.E.M.) contractions. True EC50 (±S.E.M.) were computed based on constrictor responses relative to the maximum o f  each 
CRC set to 100%. Mean maximum responses (±S.E.M.) and the true -log EC50 (±S.E.M.) o f CRCi and CRC2, and CRC2 and CRC3 were compared 
using their corresponding values by paired Student t-test. Significant difference (**, P<0.01) between CRCi and CRC2. 1 mg o f M. oleifera crude 
extract dissolved in 0.1 mL DMSO was added 20 min prior to the construction o f CRC2. Propranolol (lxlO '6 M) was added 10 minutes before the 
construction o f  each CRCs in p-PEA.
Tissue Agonist CRC, c r c2 Dcse rat io (^ |) n
Trachea
Histamine Max (g) 0.92±0.11 1.24±0.14** 4
-log EC50 -5.44±0.25 -5.24±0.10 2.72±1.77
P-PEA Max (g) 0.76±0.18 0.85±0.18 4
-log ECso -3.78±0.18 -3.55±0.12 2.95±1.95
Aorta
Phenylephrine Max (g) 0.96±0.26 1.12±0.31 4
-log EC50 -5.42±0.37 -5.57±0.29 1.09±0.48
p-PEA Max (g) 0.62±0.26 0.57±0.23 5
-log ECso -3.00±0.15 -3.54±0.31 1.01±0.62
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4.5 Discussion
4.5.1 The antagonistic activity of the acid-base extract of V.
negundo on contractile response CRCs of the guinea pig ileum to 5-
HT, methacholine, histamine and p-PEA
VN-E (0.33 mg) selectively blocks the maximum contractile responses in the guinea 
pig ileum induced by 5-HT, histamine and p-PEA. It causes also a non-significant 
inhibition to methacholine. However, higher concentrations of VN-E totally inhibited 
5-HT, methacholine, histamine and p-PEA non-selectively. The lack of specific activity 
for inhibiting the maximum at high concentrations of VN-E indicates that it contains a 
membrane stabilizing or channel blocking properties. Similar studies done by 
Dharmasiri et al. (2003) on the water leaf extracts showed the presence of a membrane 
stabilizing property. The plant extract also showed a high and variable dose ratio for 5- 
HT but no significant shift of the curve was observed. The presence of a selective- 
competitive histamine Hi antagonist was also revealed indicated by curve shift to 
higher concentrations.
4.5.2 The antagonistic activity of the acid-base extract of V
negundo on contractile response CRCs of the guinea trachea to 
histamine and p-PEA
Traditionally the leaf of V negundo was used to treat asthma (Dayrit et al., 1987) and 
allergy and itching of the skin (Vishwanathan et al., 2010). Asthma is a chronic 
inflammatory disease of the respiratory tract that is characterized by airway
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hyperresponsiveness and infiltration o f  inflam m atory ce lls  such as m ast ce lls  w hich  
releases histam ine (D eng et a l ,  2006; Santing et al., 2001; Santing et a l ,  1994). 
A llergy  and itching o f  the skin primarily occurs through the stim ulatory action o f  
histam ine to histam ine Hi receptors on the nerve endings (M inam i et al., 2004; 
Y atsuzuka et al., 2007). In the alleviation o f  acute allergic reactions, antagonism  o f  
histam ine H i receptors has been know n as a therapeutic target (M atsubara et al., 2 005).
H istam ine causes sm ooth m uscle contraction though the activation o f  histam ine H i 
receptor w hich  is directly linked to G -protein Gq that triggers the stim ulation o f  PLC  
w h ich  leads to the depletion o f  phosphatidylinositol biphosphate (PIP2) that 
subsequently translate to  increase o f  cytoplasm ic Ca2+ v ia  intracellular Ca2+ release  
(M atsubara et al., 2005; N otcovich  et a l ,  2010; Sohen et al., 2001).
In the present study the presence o f  a  selective-com p etitive histam ine H i antagonist in 
V N -E  w as further confirm ed on the guinea trachea w hich  w as indicated by curve shift 
to  the right w hich  w as sim ilarly observed in the ileum . Previously it w as also show n  
that the le a f  extracts causes bronchodilatation o f  the cat’s trachea (Dayrit et al., 1987). 
In the report b y  Dharm asiri et al. (2 0 0 3 ) the anti-inflam m atory and anti-nociceptive  
activ ity  o f  V. negundo w ater le a f  extracts in rats w as show n to be mediated through its 
antihistam ine and m em brane stabilising property or through the prostaglandins (PG ) 
synthesis inhibition. For this reasons V. negundo traditional use for treatment in 
d iseases related to the airways and allergy o f  the skin is suggested  to be largely  
m ediated through the action o f  h igh ly  polar com ponents present in the plant through the 
inhibition o f  the histam ine Hi receptors.
The V N -E  show ed  no significant inhibition against P-PEA.
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4.5.3 The antagonistic activity of the acid-base extract of V. 
negundo on contractile response CRCs of the guinea pig aorta to 
phenylephrine and p-PEA
Previously it was shown that that repeated CRCs of the guinea pig aorta for both 
phenylephrine and P-PEA causes potentiation of the maximum responses which might 
be due to repeated uptake and reuptake of transient intracellular Ca2+. In the presence of 
VN-E this potentiation was totally inhibited for both phenylephrine and P-PEA. This 
suggests that the plant extract might be interfering with the uptake and reuptake of 
intracellular Ca2+ which is mediated either via the ai-adrenoceptor or TAAR related 
mechanisms.
4.5.4 The antagonistic activity of acid-base extract M. oleifera 
on guinea pig ileum to 5-HT, methacholine, histamine and p-PEA, 
and trachea to histamine and p-PEA
Pharmacological screening of MO-E in the guinea pig ileum showed a selective and 
non-competitive reversible inhibition to the maximum contractile response to 5-HT, 
methacholine, and P-PEA. The plant extract showed no significant inhibition to the 
maximum contractions and showed no significant shift of the curve to histamine but the 
maximum dose is shifted to higher concentrations.
In the guinea pig trachea, MO-E showed a significant potentiation of the maximum 
contractions elicited by histamine which implied the presence of components acting as 
an agonist to histamine Hi receptors. However, MO-E did not exert contractile effects
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when added to the tissue but caused a relaxation. Therefore, the potentiation must be 
due to either an allosteric interaction at the Hi receptors or an additive effect of a 
threshold contraction. Rather than contracting the baseline, MO-E significantly lowers 
the baseline suggesting the presence of a smooth muscle relaxing component. Since this 
was also observed before the addition of propranolol (p-adrenoceptor antagonist) in the 
p-PEA experiments, the relaxation cannot be due to P-adrenoceptor mechanism. No 
significant effect of MO-E was observed on P-PEA.
In the gut M. oleifera is traditionally used in ailments like gastrointestinal motility 
(Gilani et al., 1994), spasm of the bowels, pain and inflammation (Caceres et al., 1992; 
Ezeamuzie et al., 1996; Goyal et a l, 2009; Mahajan et al, 2007; Sulaiman et al, 
2008), diarrhoea (Saralaya et al, 2010), and used for the treatment of cattle dysentery 
(Anisuzzaman et al., 2007). In the airways the plant is known for treating asthma 
(Goyal et al., 2009) and also has anti-nociceptive and anti-inflammatory properties 
(Anwar et al., 2007).
In the present study on the ileum and trachea, MO-E failed to explain previous reported 
therapeutic uses of the plant due to the lack of antagonism on the selected receptors. 
This might be due to several reasons like the concentration of the active component is 
very low in the bark, the active components were not extracted using the current 
method, the active components of the plant is not in the acid-base extract or the acidic 
environment used to extract the plant components degraded some of the active 
constituents.
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4.5.5 The antagonistic activity of acid-base extract M. oleifera
on repeated CRCs of the guinea pig aorta to phenylephrine and p-
Earlier study on M. oleifera revealed that it possesses antihypertensive property (Anwar 
et al., 2007; Dangi et al., 2002). Nitrile glycosides and mustard oil glycosides from the 
plant was also reported to exhibit hypotension (Faizi et al., 1994; Faizi et al., 1992; 
Gilani et al., 1994). In addition, the total alkaloid salts of the leaf water extracts was 
shown to weaken the force of muscular contractions of the frog heart (Dangi et al., 
2002). However these reported properties of M. oleifera is in disagreement with it 
folkloric use as cardiotonic (Biswas et a l, 1988). Its use as a cardiac stimulant (Oliver- 
Bever, 1986) can be clarified in the isolation of two alkaloids moringine (Figure 4.12) 
and moringinine in the root and bark (Bour et al., 2005; Gupta et al., 1999; Karadi et 
al., 2006). Moringinine causes symphathomimetic effects similar to that of adrenaline 
which results to vasoconstriction and blood pressure increase (Oliver-Bever, 1986).
Figure 4.12. Moringine
In the guinea pig aorta, MO-E showed no significant differences on the maximum 
contractions induced by phenylephrine and P-PEA. Previously it was shown that the 
repeated CRCs of the aorta to phenylephrine and P-PEA caused potentiation on the
PEA
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maximum contractile responses. This suggest that MO-E might be blocking the 
increase of transient Ca2+ during Ca2+ uptake and reuptake induced by repeated 
stimulation of the ai-adrenoceptors or TAARs which might explain the 
antihypertensive or hypotensive properties or the plant.
4.6 Conclusion
In conclusion, V. negundo possesses smooth muscle relaxing properties in the gut and 
trachea due to the presence of membrane stabilizing components and histamine Hi 
receptor antagonist. The selective-competitive inhibition of the plant acid-base extracts 
due to histamine Hi receptor provides a sound mechanism for its traditional use in 
alleviating allergic disorders such as asthma and itching of the skin. Its anti­
inflammatory properties might be suggested also to be mediated though histamine Hi 
receptor inhibition or through its Ca2+ blocking mechanisms mediated either by ai- 
adrenoceptors or TARRs.
Moringa oleifera known to cure ailments related to the bowels and airways failed to 
explain previous reported therapeutic uses due to the lack of antagonism on the selected 
receptors. Instead the presence of components acting as an agonist to histamine Hi 
receptors have been be suggested to be present. The plant antihypertensive and 
hypotensive property can also be suggested to be due to its Ca2+ inhibiting properties 
mediated either by ai-adrenoceptors or TARRs.
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Pharmacological effects of Artemisia 
vulgaris on responses of the guinea pig 
ileum to 5-HT, methacholine,
histamine and p-PEA, and
trachea to histamine
and p-PEA
CHAPTER 5
5.1 Introduction
Artemisia vulgaris is a herb commonly used in traditional or alternative medicine 
(Tigno et al., 2000b). An array of medicinal uses of the plant include anti­
inflammatory, antiasthma, analgesic, expectorant, antispasmodic, emmenagogue, useful 
in treatment of abdominal colic, dyspepsia and diarrhoea, (Duke, 1983; Khan et al., 
2009; Quisimbing, 1978) and antihypertensive (Tigno et al., 2000a; Tigno et al., 
2000b). The pollen of A. vulgaris has been also implicated to induce allergy of the 
airways (Pastorello et al., 2002).
The present chapter was undertaken to examine the possible antagonistic activity of A. 
vulgaris extracts on responses of the guinea pig ileum mediated via 5 -HT2 receptor, 
muscarinic M3 receptor, histamine Hi receptor and Trace amine-associated receptor 
(TAAR), and trachea mediated via histamine Hi receptor and TAAR.
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5.2 Aims
• To study the antagonistic property of Artemisia vulgaris chloroform and
methanol crude extracts to 5-HT, methacholine, histamine and (3-PEA
employing cumulative concentration response curves (CRCs) to the contractile 
responses of guinea pig isolated ileum.
• To study the antagonistic property of Artemisia vulgaris chloroform and
methanol crude extracts to histamine and P-PEA employing cumulative
concentration response curves (CRCs) to the contractile responses of guinea pig 
isolated trachea.
• Collection of Artemisia vulgaris and preparation of crude extracts
• To isolate and elucidate the histamine Hi antagonist components of Artemisia 
vulgaris chloroform extract.
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5.3 Methods and Materials
The main methods and experimental protocols described in Chapter 2 were retained 
throughout this study unless otherwise stated
5.3.1 General chemistry
All extractions were carried out under atmospheric conditions. All reagents and 
solvents employed were of general purpose or analytical grade and purchased from 
Sigma-Aldrich (Poole, Dorset, UK) or Fisher Scientific (Leicestershire, UK).
For normal phase column chromatography, a glass column was slurry packed in 
appropriate eluent with silica gel (Fluka Kieselgel 60). For size exclusion column 
chromatography 50 g of Sephadex LH-20 was swelled with 80:20 methanol-chloroform 
solvent then eluted with a rate of 1 cm/hr in a 30 mm diameter glass column. Flash 
chromatography was performed with the aid of a pump. Preparative thin layer 
chromatography (TLC) (1000 pm) and analytical thin layer chromatography was 
performed on a pre-coated silica plates (Merck Kieselgel 60) with visualisation via UV 
light (254 and 365 ran) and/or vanillin stain.
1 1 3  •H and C nuclear magnetic resonance (NMR) spectra were recorded on a Bruker 
Advance DP500 spectrometer at 500 MHz and 125MHz respectively. The NMR 
solvent was deuterated chloroform (CDCI3) for all cases. Mass spectra were determined 
under Electron Impact (El) or Chemical ionization (Cl) conditions at the ESPRC 
National Mass Spectrometry Service Centre, University of Wales, Swansea, Wales, 
UK. Accurate mass measurements were also performed at the ESPRC National Mass
169
CHAPTER 5
Spectrometry Service Centre. X-ray crystallography analysis was carried out in the 
School of Chemistry, Cardiff University, Cardiff, Wales, UK.
5.3.2 Artemisia vulgaris collection and crude extraction
Artemisia vulgaris leaves were collected from Aritao, Nueva Vizcaya, Philippines in 
September 2007 for preliminary pharmacological evaluation (Table 5.1). A voucher 
specimen was submitted to the Philippine National Museum for plant identification (see 
appendix). The plant samples were sent intact from Nueva Vizcaya, Philippines to 
Cardiff University, Wales, UK.
Air-dried A. vulgaris was subjected to chloroform and methanol extraction protocols 
described in section 3.3.2. An initial weight of 243 g of A. vulgaris leaves yielded 7.9 g 
o f chloroform crude layer (AV-CHCI3) and 7.52 of methanol crude layer (AV-MeOH) 
(Figure 5.1).
Table 5.1. C ollection  o f  Artemisia vulgaris
Family Asteraceae
Species Artemisia vulgaris
Parts used Leaves
Drying method Air drying method (cabinet)
Place Aritao, Nueva Vizcaya, Philippines
Date: September 2007
Collected by: Violeta Abanto and Eric Corpus
Place Bayombong, Nueva Vizcaya, Philippines
Date: September 2008-January 2009
Cultivated and harvested by: Annabelle A. Natividad
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filtration filtration filtration
Solvent evaporationSolvent evaporation Solvent evaporation
residueSoaked in 
hexane
Hexane crude 
extract
Soaked in 
methanol
Soaked in 
chloroform
Methanol crude 
extract (7.52 g)
Chloroform crude 
extract (7.9 g)
Artemisia vulgaris (243 g) 
collected from Aritao, 
Nueva Vizcaya, Philippines
Figure 5.1. Simplified diagram for chloroform and methanol extraction of A.
vulgaris.
5.3.3 Chloroform extraction of Artemisia vulgaris
An additional batch of Artemisia vulgaris was cultivated and collected in Bayombong, 
Nueva Vizcaya, Philippines from September 2008 -  January 2009 (Table 5.1). Air 
dried leaves (1.03 kg) was sent intact to Cardiff University, Cardiff, Wales, UK. The 
leaves were pulverised to powder and soaked with excess chloroform for at least 24 
hours. The resulting mixture was filtered and dried in vacuo yielding a syrupy product 
(53 g) (Figure 5.7). The crude extract were then stored in a freezer at -20°C.
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5.3.4 Experimental protocol
After equilibration a series of cumulative CRCs for 5-HT, histamine, methacholine and 
(3-PEA in the guinea pig ileum, and histamine and (3-PEA in the guinea pig trachea were 
obtained in the absence and presence or after washout of different crude extracts of A. 
vulgaris leaves chloroform (AV-CHCI3) or methanol (AV-MeOH) extract (refer to 
section 5.4.2). Propranolol (lxlO"6 M) was added 10 minutes before each CRC in 
tracheal contractions due to P-PEA (refer to section 2.4.13). One milligram of each of 
the crude extracts were dissolved in 0.1 mL DMSO and incubated separately with the 
tissue for 20 minutes prior to the construction of each CRC2. Approximate 
concentration of the plant extract in a 50 mL bath was therefore equivalent to 0.02 
mg/mL.
172
CHAPTER 5
5.4 Results
5.4.1 Effects of A. vulgaris chloroform crude extracts on
contractile responses in guinea pig ileum to 5-HT, methacholine, 
histamine and p-PEA
5-HT, methacholine, histamine and P-PEA caused concentration-dependent contractile 
responses on the guinea pig ileum. The maximum contractile responses to 5-HT (n=4), 
histamine (n=4) and p-PEA (n=4) showed significant (P<0.05) inhibition in the 
presence of AV-CHC13 from 1.17±0.25 g, 1.41±0.26 g and 0.70±0.23 g to 0 .1 0 ±0 . 0 2  g, 
0.52±0.13 g and 0.25±0.05 g respectively (Table 5.2). After the plant extract washout 
only histamine CRC (1.22±0.29 g) showed a significant (P<0.05) recovery of responses 
(Table 5.2). Contractile responses expressed as percentage of the maximum obtained in 
CRCi set to 100% further showed significant (P<0.01) effect of the plant extract to 5- 
HT (lxlO ’6 M) from 93.12±6.88% to 13±2.74%, methacholine (lxlO '6 M, n=4) from 
98.17±1.83% to 47.31 ±6.41%, histamine (lxlO*6 M) from 88.13±11.87% to
8.62±1.92% and p-PEA (3x10‘3 M) from 100.00±0.00% to 35.05±9.16% (Figure 5.2). 
Significant recovery (P<0.01) of contractile responses after plant extract washout were 
observed for 5-HT 29.15±8.22% (Figure 5.2.a) and to the new maximal dose for 
histamine (lxlO '5 M), 86.46±14.18% (Figure 5.2.c). The contractile responses 
expressed as percentage of their own CRC maximum set to 100% showed significant 
change (P<0.05) in the true -log EC50 values to histamine from -6.76±0.15 to 
-5.08±0.36 resulting to a high variable dose ratio of 141.24±105.39 (Table 5.2). In 
addition the pseudo EC25 values obtained for histamine also showed a significant
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(P<0.05) parallel shift of the curves to higher concentration from -6.57±0.12 to - 
5.13±0.41 resulting in a variable dose ratio of 89.62±73.22 (Figure 5.2.c).
5.4.2 Effects of A. vulgaris methanol crude extracts on
contractile responses in guinea pig ileum to 5-HT, methacholine, 
histamine and p-PEA
5-HT, methacholine, histamine and P-PEA caused concentration-dependent contractile 
responses on the guinea pig ileum. The maximum contractile responses to 5-HT 
(1.26±0.27 g, n=4) and histamine (2.75±0.83 g, n=4) showed a significant (P<0.01) 
reduction to 0.68±0.21 g and 2.38±0.81 g in the presence of AV-MeOH (Table 5.3). 
Contractile responses expressed as percentage of the maximum obtained in CRCi set to 
100% showed significant effect of the plant extract to 5-HT (P<0.01, 3x1 O'6 M) from 
98.41% to 38.18± 11.00%, methacholine (P<0.05, lx l0 "6 M, n=4) from 100.00±0.00% 
to 68.57±7.00%, histamine (P<0.01, 3X10-6 M) from 89.59±6.42% to 55.12±5.77% and 
P-PEA (P<0.01, 3x10"3 M, n=4) from 93.49±4.56% to 62.21±2.07% (Figure 5.3). The 
contractile responses expressed as percentage of their own CRC maximum set to 100% 
further showed significant (P<0.01) shift of the curve to the right only for histamine 
indicated by the -log EC50 values obtained from -6.72±0.16 to -6.05±0.13 with a dose 
ratio of 4.85±0.70 (Table 5.3).
174
CHAPTER 5
120
80
« 40
10-510-8
5-HT (M)
(a)
120
60
» 40
Histamine (M)
120-.
« 40
0-M
Methacholine (M)
(b)
120-,
5 o
« 40
P-PEA (M)
Figure 5.2. Effects o f  A. vulgaris chloroform crude extract on mean cumulative CRCs o f  
guinea pig ileum for constriction to (a) 5-HT, n=5, (b) methacholine, n=4, pseudo EC30: 
CRCj = -7.29±0.07, CRC2 = -6.90±0.17, dose ratio = 2.90±1.04, (c) histamine, n=4, pseudo 
EC25: CRC! = -6.57±0.12, CRC2 = -5.13±0.41*, dose ratio = 89.62±73.22, and (d) p-PEA 
n=4. Responses are the mean (±S.E.M.) contractions expressed as a percentage o f  the 
maximum contraction o f  CRCi. Mean responses (±S.E.M.) on individual concentrations o f  
CRCi and CRC2 were compared by repeated measures ANOVA followed by Bonferroni 
pos-hoc test. Significant differences (*, P<0.05 or **, P<0.01) between CRCi and CRC2, 
and (++, P<0.01) CRC2 and CRC3. • — •  CRCj after 30 min tissue equilibration, ■ —■  
CRC2 after 30 min tissue equilibration after the wash out o f  CRCi, and 0 - 0  CRC3 after 
30 min tissue equilibration from the washout o f  CRC2. 1 mg o f  A. vulgaris chloroform 
crude extract dissolved in 0.1 mL DMSO was added 20 minutes prior to the construction o f  
CRC*
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Table 5.2. Summary o f  the effects o f  A. vulgaris chloroform crude extract on the maximum and the true -log EC50 values o f mean cumulative 
CRC for the constrictor response o f  the guinea pig ileum to 5-HT, methacholine, histamine and (3-PEA. Maximum responses are mean (+S.E.M.) 
contractions. True EC50 (+S.E.M.) were computed based on constrictor responses relative to the maximum o f  each CRC set to 100%. Mean 
maximum responses (+S.E.M.) and the true -log EC50 (+S.E.M.) o f  CRCi and CRC2, and CRC2 and CRC3 were compared using their 
corresponding values by paired Student t-test. Significant differences (*, P<0.05) between CRCi and CRC2. 1 mg of A. vulgaris chloroform crude 
extract dissolved in 0.1 mL DMSO was added 20 minutes prior to the construction o f CRC2.
Agonist CRC, CRC2 CRC3 Dose ratio([Rc‘) n
5-HT Max (g) 1.17+0.25 0.10+0.02* 0.32+0.08 4
-log ECso -6.85+0.40 -7.08+0.35 -6.99+0.32 4.87+2.84
Methacholine Max (g) 1.83+0.81 0.83+0.26 1.20+0.43 4
-log ECso -7.29+0.08 -7.00+0.23 -7.07+0.15 2.82+1.58
Histamine Max (g) 1.41+0.26 0.52+0.13* 1.22+0.29+ 4
-log ECso -6.76+0.15 -5.08+0.36* -5.96+0.08 141.24+105.39
p-PEA Max (g) 0.70+0.23 0.25+0.05 0.42+0.14 4
-log ECso -3.87+0.17 -4.11+0.35 -3.43+0.11 0.90+0.46
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Figure 5.3. Effects o f  A. vulgaris methanol crude extract on mean cumulative CRCs o f  
guinea pig ileum for constriction to (a) 5-HT, n=5, (b) methacholine, n=4, (c) histamine, 
n=4, and (d) P-PEA, n=4. Responses are the mean (±S.E.M.) contractions expressed as a 
percentage o f  the maximum contraction o f  CRCi. Mean responses (±S.E.M.) on individual 
concentrations o f  CRCi and CRC2 were compared by repeated measures ANOVA followed  
by Bonferroni pos-hoc test. Significant differences (*, P<0.05 or **, P<0.01) between 
CRCi and CRC2. • — •  CRCi after 30 min tissue equilibration, ■  CRC2 after 30 min 
tissue equilibration after the wash out o f  CRCi, and 0 —0  CRC3 after 30 min tissue 
equilibration from the washout o f  CRC2. . 1 mg o f  A. vulgaris methanol crude dissolved in 
0.1 mL D M SO  was added 20 minutes prior to the construction o f  CRC2.
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Table 5.3. Summary of the effects of A. vulgaris methanol crude extract on the maximum and the true -log EC50 values of mean cumulative CRC 
for the constrictor response of the guinea pig ileum to 5-HT, methacholine, histamine and p-PEA. Maximum responses are mean (±S.E.M.) 
contractions. True EC50 (±S.E.M.) were computed based on constrictor responses relative to the maximum of each CRC set to 100%. Mean 
maximum responses (+S.E.M.) and the true -log EC50 (+S.E.M.) of CRCi and CRC2, and CRC2 and CRC3 were compared using their 
corresponding values by paired Student t-test. Significant differences (**, P<0.05) between CRCi and CRC2. 1 mg of A. vulgaris methanol crude 
extract dissolved in 0.1 mL DMSO was added 20 minutes prior to the construction of CRC2.
Agonist CRCi CRC2 CRC3 Dose r a t i n g ) n
5-HT Max (g) 1.26+0.27 0 .6 8 +0 .2 1 ** 0.75+0.26 4
-log EC50 -6.90+0.32 -6.99+0.12 -7.13+0.22 1.28+0.61
Methacholine Max (g) 2.40+0.92 1.66+0.59 1.66+0.71 4
-log EC50 -7.44+0.33 -6.99+0.16 -6 .8 8 +0 .2 1 5.59+3.99
Histamine Max (g) 2.75+0.83 2.38+0.81** 2.36+0.91 4
-log ECso -6.72+0.16 -6.05+0.13** -6.41+0.29 4.85+0.70
P-PEA Max (g) 0.83+0.24 0.54+0.14 0.58+0.15 4
-log EC50 -3.95+0.25 -3.88+0.15 -4.08+0.40 1.65+0.55
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5.4.3 Effects of A. vulgaris chloroform and methanol crude
extracts on contractile responses in guinea pig trachea to histamine 
and p-PEA
Histamine and P-PEA caused concentration related contractile responses on the guinea 
pig trachea. In the presence of AV-CHCI3, the maximum contractile response to 
histamine (0.92±0.11 g, n=4) showed a significant inhibition (P<0.05) to 0.59±0.06 g 
(Table 5.4). Contractile responses expressed as percentage of the maximum obtained in 
CRCi set to 100% further showed significant inhibition of the plant extract at maximal 
dose to histamine (P<0.01, lxlO-4 M) from 100.00±0.00% to 42.99±10.79% (Figure 
5.4.a) and at 3x1 O'4 M P-PEA (P<0.05, n=4) from, 63.89±8.32% to 33.43±9.42% 
(Figure 5.4.b). The contractile responses expressed as percentage of their own CRC 
maximum set to 100% showed a significant (P<0.05) shift of the slope of the curve 
indicated by the -log EC50 values obtained for histamine from -5.80±0.14 to -4.16±0.31 
with a dose ratio of 56.42±21.56 (Table 5.4).
In the presence of AV-MeOH, contractile responses expressed as percentage of the 
maximum obtained in CRCi set to 100% showed a significant potentiation (P<0.01) of 
contractile responses to p-PEA (3x1 O'3 M, n=4) from 86.45±9.40% to 148.39±27.40% 
(Figure 5.4.d). No significant effect of AV-MeOH was observed for histamine (n=4) 
CRC (Table 5.4, Figure 5.4.c).
Both AV-CHCI3 and AV-MeOH showed baseline lowering of 41.80±13.74% and 
10.00.0±7.76% in the histamine experiment, and 14.00±1.10% and 4.50±2.85% in the 
p-PEA experiment from the resting baselines before plant extract addition (Figure 5.4.a, 
Figure 5.4.d,Figure 5.5 & Figure 5.6).
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Figure 5.4. Effects of A. vulgaris on mean cumulative CRCs of guinea pig trachea for 
constriction to (a) histamine, n=4, and (b) P-PEA, n=4 in the presence of chloroform crude 
extract and (c) histamine, n=4, and (d) P-PEA, n=4 in the presence of methanol crude 
extract. Responses are the mean (±S.E.M.) contractions expressed as a percentage of the 
maximum contraction of CRCi. Mean responses (±S.E.M.) on individual concentrations of 
CRCi and CRC2 were compared by repeated measures ANOVA. Significant difference (*, 
P<0.05 or **, P<0.01) between CRCi and CRC2. • —•  CRCi after 60 min tissue 
equilibration and ■ —■  CRC2 after 60 min tissue equilibration after the wash out of CRCi. 
1 mg of A. vulgaris crude extracts dissolved in 0.1 mL DMSO was added 20 minutes prior 
to the construction of CRC2. Propranolol (lxlO'6 M) was added 10 minutes before the 
construction of each CRCs in P-PEA.
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Figure 5.5. Representative chart recording showing the effects of A. vulgaris chloroform 
extract (AV-CHC13) in repeated contractile response CRCs of the guinea pig trachea to (a) 
histamine (refer to section 2.4.9 for histamine concentrations used for each CRC) and (b) 13- 
PEA (section 2.4.12 for P-PEA concentrations used for each CRC). lxKT6 M propranolol 
added 10 minutes prior to each CRC of P-PEA.
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Figure 5.6. Representative chart recording showing the effects of A. vulgaris methanol 
extract (AV-MeOH) in repeated contractile response CRCs of the guinea pig trachea to (a) 
histamine (refer to section 2.4.9 for histamine concentrations used for each CRC) and (b) p- 
PEA (section 2.4.12 for p-PEA concentrations used for each CRC). lxlO"6 M propranolol 
added 10 minutes prior to each CRC of p-PEA.
i
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Table 5.4. Summary of the effects of A. vulgaris chloroform and methanol crude extract on the maximum and the true -log EC50 values of mean 
cumulative CRC for the constrictor response of the guinea pig trachea to histamine and p-PEA. Maximum responses are mean (+S.E.M.) 
contractions. True EC50 (+S.E.M.) were computed based on constrictor responses relative to the maximum of each CRC set to 100%. Mean 
maximum responses (+S.E.M.) and the true -log EC50 (+S.E.M.) of CRCi and CRC2, and CRC2 and CRC3 were compared using their 
corresponding values by paired Student t-test. Significant difference (*, P<0.05 or **, P<0.01) between CRCi and CRC2. 1 mg of A. vulgaris crude 
extracts dissolved in 0.1 mL DMSO was added 20 minutes prior to the construction of CRC2. Propranolol (lxlO'6 M) was added 10 minutes before 
the construction of each CRCs in P-PEA.
Agonist CRC, c r c 2 Dose ratio ( ^ | ) n
Chloroform crude 
extract
Histamine Max (g) 0.92+0.11* 0.59+0.06 4
-log EC50 -5.80+0.14** -4.16+0.31 56.42+21.56
P-PEA Max (g) 0.64+0.08 0.54+0.05 4
-log ECso -3.52+0.28 -3.28+0.13 3.42+2.20
Methanol crude 
extract
Histamine Max (g) 0.57+0.07 0.63+0.08 4
-log EC50 -6.10+0.36 5.51+0.08 18.24+16.67
P-PEA Max (g) 0.35+0.07 0.48+0.06 4
-log ECso -3.61+0.06 -3.67+0.07 0.96+0.23
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5.4.4 Extraction and isolation of yomogin and 1,2,3,4-diepoxy-
11(13) eudesmen-12,8-olide from AV-CHCI3
The AV-CHCI3 showed a high degree of histamine Hi receptor antagonism in the 
guinea pig ileum trachea. Thus further evaluation using fresh samples (refer to section 
5.3.3) on the chloroform layer of A. vulgaris for its Hi receptor inhibition was carried 
out in a bioassay-guided extraction in the guinea pig ileum.
For histamine antagonist evaluation of A. vulgaris, 5 g of chloroform crude extract was 
passed though gel filtration chromatography using Sephadex LH-20 to remove most of 
the fatty acids, pigments and chlorophylls. Six sub-fractions (F1-F6, 50 mL per fraction) 
were obtained and dried under reduced pressure (Figure 5.7). 1 mg of each sub-fraction 
was dissolved in DMSO and evaluated individually for histamine antagonist activity in 
the guinea pig ileum. Fraction 3 and 4 were active against histamine and were then 
combined and further purified by repeated preparative TLC with EtOAc in DCM (1:9) 
as an eluent, which finally gave a 9.0 mg of a 1:1 mixture of two compounds based 
from preliminary !H-NMR analysis. To increase the amount of this active mixture for 
further spectral analysis another batch of extraction was carried using normal phase 
column chromatography.
Twenty five grams of the chloroform extract crude mixture was repeatedly washed with 
petroleum ether to remove most of the fatty acids, pigments and chlorophylls (Figure 
5.7). The defatted mixture was run through silica gel (750 g) column chromatography 
using gradient elution of ethyl acetate (EtOAc) in dichloromethane (CH2CI2) (250 mL 
of 10% polarity increment) to yield a mixture (215.0 mg) of two components in 
Fraction 6 (250 mL per fraction). This mixture was determined to be of the same
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constituents that exhibited histamine Hi antagonism previously. The two components 
were identified as yomogin and 1,2,3,4-diepoxy-11(13) eudesmen-1 2 ,8 -olide by direct 
comparison of the ‘H-NMR and 13C-NMR spectral data with those in literature (Ryu et 
a l, 1998; Tigno et a l, 2000b). Yomogin was further purified through repeated 
recrystalization with MeOH as white crystalline needles (27.0 mg).
5.4.5 Structure elucidation of yomogin
Yomogin, a colourless needle was purified through recrystalization in MeOH. 
Previously it was identified and isolated from the herbs Artemisiaprinceps (Ryu et a l, 
1998) and from the Philippine Artemisa vulgaris (Tigno et al, 2000a; Tigno et al, 
2000b).
Inspection of the proton spectrum of yomogin (Figure 5.8) showed 12 group signals. 
Based on the integration, there are 16 protons, of which 10 are apparently isolated 
single protons, and 6  are due to a methyl group. The ’H-NMR 5 (500 MHz, CDCI3): 
1.37 (3H, s,CH3-14), 1.73 (1H, dd, J=4.8, 15.3 Hz, H-9a), 2.00 (3H, s, CH3-15), 2.33 
(1H, dd, J=12.95, 12.97 Hz, H-6 a), 2.48 (1H, dd, J=2.75, 15.3 Hz, H-9b), 3.02 (1H, dd, 
J=7.1, 14.25 Hz, H-6 b), 3.12 (1H, m, H-7), 4.52 (1H, m, H-8 ), 5.77 (1H, d, J= l.l Hz) 
and 6.30 (1H, d, J=1.25 Hz) , H-13], 6.28 (1H, d, J=9.9 Hz, H-2), 6.83 (1H, d, J=9.85 
Hz, H-l).
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Artemisia \zuigaris (1.03 kg)
Chloroform crude extract (25.0 g) - 
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petroleum ether
Soaked overnight with excess CHCI3
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215.0 mg yomogin and l,2,3,4-diepoxy-ll(13) eudesmen- 
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27.0 mg yomogin
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Histamine Hi receptor 9.0 mg (1:1 mixture) yomogin and l,2,3,4-diepoxy-ll(13)
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^ ____________________ ____ ✓
Figure 5.7. Isolation chart of yomogin and 1,2,3,4-diepoxy-1 l(13)eudesmen-12,8-olide using silica gel column and Sephadex LH-20 column.
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Figure 5.8. 1H-NMR spectra o f  yomogin
The PENDANT 1 3C-NMR spectrum showed a total o f  15 carbons and further 
confirmed the presence o f  the two methyl groups. It also showed that the 10 isolated 
single protons are composed o f  three CH2 and four CH groups. In addition 6  quaternary 
carbons were also seen. The 1 3C-NMR 6  (75 MHz, CDC13): 10.80 (CH3, C-15), 25.72 
(CH3, C-14), 29.99 (CH2, C-6 ), 38.58 (C, C-10), 39.03 (CH2, C-9), 41.94 (CH, C-7),
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75.36(CH, C-8 ), 121.93 (CH2, C-13), 126.45 (CH, C-2), 131.22 (C, C-4), 140.44 (C, C-
11), 154.41 (C, C-5), 155.20 (CH, C -l), 169.63 (C, C-12), 185.56 (C, C-3).
Overall the following 1H-13C coupling information was obtained from HSQC spectrum: 
H-1-+C-1, H-2->C-2, H-6 a, H-6 b ^ C - 6 , H-7->C-7, H-8 -+C -8 , H-9a, H -9b^C -9 , H- 
13a, H-13b—»C-13 (Figure 5.9).
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H7 H9b I H9a
ppm
H6b H6a
Cl 5
20
C14 30C6 C6
C9 C9
C7
ce
4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 ppm
100
110
120
130
140
150
7.0 6.5 6.0 5.5 ppm
I_____
H13 = ^ z- , ------ :H13
. C13. Cl 3• •
C2
Cl
--«--•--1-- :-- (-- .--»--.--
Figure 5.9. HSQC spectra of yomogin
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Inspection o f  the COSY spectrum cross peaks identified the coupling o f  two
aromatic protons (H-l<->H-2) and the coupling path (H-6 a, H-6b*-»H-7*->H-8<-»H-9a, 
H-9b) (Figure 5.10). In addition, a weak ’H -1!! correlation between the protons H-6 a 
and H-15, and H-9a and H-14 indicates that the two methyl groups are in close 
proximity to position carbon 6  and 9. Another weak 'FI^H  correlation was also 
observed between the two protons H-13 and H-7 protons which indicate that the 
olefenic CH 2  is close to C-7. Based on this information the following fragments have 
been identified in Figure 5.11.
3.0
4.5 2.0
005.0
5.S
3.5
4.0
U 4.5 4.0 4 £  4.0 3.S 3.0 2.5 1.5
Figure 5.10. The COSY spectrum o f yomogin
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Figure 5.11. HSQC and COSY correlations in yomogin
The electron ionization (El) mass (m/z) o f  yomogin is 244.3 (Figure 5.12). Overall the 
'H -N M R and 1 3C-NMR spectrum shows 16 protons and 15 carbons. To account for the 
missing 48 mass units 3 oxygen atoms were added. Thus the molecular formula is 
C 1 5H 16O 3 Initial experiments on 'H-NMR in the presence o f  D 2 O showed no 
exchangeable protons which indicate the lack o f -O H  groups. In addition, the 13C 
chemical shift range (165-185 ppm) o f C-3 and C-12 indicated C = 0  functional groups. 
Inspection o f the HMBC spectrum (Figure 5.13) showed correlations between carbon 
C-3 to the protons H-2 and H-15. The quaternary carbon C-4 also showed coupling to 
protons H-15, H-6 a and H-6 b. The methyl carbon C-15 also showed correlations to 
protons H -l, H-9a and H-9b. Molecular ion peaks (m/z) at 77.2, 91.2 and 105.2 are 
fragmentation characteristics o f aromatic compounds which corresponds to the 
formation o f  phenyl cation ( C ^ s ^ ,  tropylium ion (C 7 H7Q and substituted tropylium 
ion (CsHg*), respectively (Figure 5.12). Based on these observations and using the
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COSY/HSQC data we can deduce a partial structure o f  two hexagonal adjacent rings 
with one aromatic ring. To account for the lactone ring the olefmic protons H-13 
showed a correlation to C-7, quaternary C - l l  and to the ketone carbon C-12 (Figure 
5.14).
100n
105.2
53.2
91.2
%-
77.2
65.2
120.3
183.2
155.3 244.3
216.3
D a / e
Figure 5.12. Mass spectrum o f yomogin.
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Figure 5.13. HM BC spectrum o f  yomogin
CH
CH
F ig u r e  5.14. HMBC correlations in yomogin
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The x-ray crystallographic analysis o f  yomogin (Figure 5.15) further confirmed the 
observations made in 'H -N M R , 1 3C-NM R and the mass spectrum. It showed the 
presence o f  a two adjacent six m em ber rings attached to a lactone moiety. The complete 
’H and 13C chemical shift o f  yomogin was shown in Figure 5.16.
Figure 5.15. X-ray crystallographic structure o f  yomogin (Analyzed by Dr. Benson 
Kariuki, School o f  Chem istry, C ard iff University, Wales, UK, 2009)
6.28
5.77
F ig u re  5.16. ]H and 13C chemical shift of yomogin
25.72
10.80
121.93
193
CHAPTER 5
5.4.6 Structure elucidation of l,2,3,4-diepoxy-ll(13) eudesmen-
1 2 ,8 -olide
l,2,3,4-diepoxy-ll(13)-eudesmen-12,8-olide was isolated and analysed in a 1:1 
mixture with yomogin. Previously the compound is isolated in the Artemisia vulgaris of 
Philippine variety (Tigno et al., 2000b).
The analysis of 'H-NMR spectrum of the mixture revealed two integration patterns. 
After removing the proton signals from yomogin, 14 group signals have been isolated. 
Based on the integration, there are 18 protons, of which 12 are apparently isolated 
single protons, and 6  are due to a methyl group. The 1 H-NMR 5 (300 MHz, CDCI3): 
1.08 (3H, s, CH3-15), 1.22 (3H, s,CH3-14), 1.41 (1H, m, H-6 a), 1.81 (dd, 3.15, 14.23 
Hz, H-5), 1.88 (1H, dd, J=4.5, 4.55, 15.55 Hz, H-9b), 2.24 (1H, dd, J=1.65, 1.30, 15.55 
Hz, H-9a), 2.8 (1H, d, J=3.9 Hz, H-l), 1.97 (1H, m, H-6 b), 3.10 (1H, d, J=2.9 Hz, H-3), 
3.12 (1H, m, H-7), 3.45 (1H, dd, J=3.15, 2.15 Hz, H-2), 4.52 (1H, m, H-8 ), 5.65 (1H, 
d, J=0.8 Hz, H-l3a), 6.17 (1H, d, J=0.9 Hz, H-13b) (Figure 5.17).
Inspection of the PENDANT I3C-NMR spectrum showed a total of 15 carbons after 
removing the yomogin signals. The spectrum also showed the presence of two methyl 
groups and 4 quaternary carbons. The 12 isolated single protons from 1 H-NMR signals 
are composed of 3 CH2 and 6  CH groups. The 13C-NMR 5 (75 MHz, CDCI3): 17.32 
(CH3, C-14), 19.54 (CH3, C-15), 24.76 (CH2, C-6 ), 33.50(C, C-10), 36.24 (CH2, C-9), 
40.48 (CH, C-7), 37.24 (CH, C-5), 48.04 (CH, C-2), 53.46 (C, C-4), 56.06 (CH, C-3), 
60.59 (CH, C-l), 75.91 (CH, C-8 ), 120.87 (CH2, C-13), 141.40 (C, C-ll), 170.22 (C, C-
12). Further inspection of the 13C-NMR spectrum revealed that the second compound in 
the mixture has a lactone moiety because of the close similarity of the carbon signals 
when compared to yomogin (Figure 5.18).
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Figure 5.17. *H-NMR spectrum  o f  yom ogin (Y signals) and l,2 ,3 ,4-diepoxy-ll(13)- 
eudesm en-12,8-olide (H signals).
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Figure 5.18. The lactone m oiety o f  yomogin and 1,2,3,4-diepoxy-11(13)-eudesmen- 
12,8-olide
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Overall the following ]H -13C coupling information was obtained from the HSQC 
spectrum: H -1-*C -1, H -2->C -2, H -3->C -3, H -5 ^ C -5 , H-7->C-7, H-8-+C-8, H-9a and 
H-9b—>C-9, H -l3 a  and H -13b-»C -13 (Figure 5.19).
H15
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H6a 
H9b |H9a
H3
H8 H2
ppm
H5
C14
Cl 5
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C9 C9,C5C7
C2
C8
3.0 2.54.5 4.0 3.5 2.0 1.5 1.0 0.5 PPm
Figure 5.19. HSQC spectrum o f  yom ogin and 1,2,3,4-diepoxy-1 l(13)-eudesmen- 
12,8-olide (H signals).
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Inspection o f  the ’H ^ H  COSY spectrum cross peaks identified the coupling o f three 
CH protons (H-l<->H-2<-+H-3) and the coupling path H-5<—>H-6a, H-6b<->H-7«-d-I- 
8*->H-9a, H-9b (Figure 5.20). Com bination o f  this assembly to the lactone moiety 
resulted to two partial structures in Figure 5.21.
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H6b
H3H 8 H9aH9bHIH2 |H7
ILjMLoAMMC-JIIaLj ppm
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0.5
1.0H14
HI 5
H 6 a—  55
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H 6b 2.0
H9b -=5
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HI —  
H7 r3 .0
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C---H2 3.5
- 4.0
-4.5H 8 — =
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4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 ppm
Figure 5.20. CO SY  spectrum  o f  1,2,3,4-diepoxy-1 l(13)-eudesmen-12,8-olide (H 
signals).
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Figure 5.21. COSY and HSQC correlations o f 1,2,3,4-diepoxy-ll(13)-eudesmen-
Inspection of the HMBC spectrum (Figure 5.22) showed that the first methyl protons 
H -l4 have long range correlations to carbons C -l, C-5 and C-9. The second methyl 
protons H -l5 was coupled also to carbons C-3, C-4 and C-6 . The quaternary carbons C- 
4 was also coupled to the proton H-5. With this information, connecting the two 
fragments in Figure 5.21 forms two adjacent hexagonal rings with a lactone moiety 
(Figure 5.23).
The El-mass (m/z) of 1,2,3,4-diepoxy-11(13)-eudesmen-12,8-olide is 262. From the 
1 H-NMR and 13C-NMR signals a total o f 18 protons and 15 carbons and two oxygen 
atoms from the lactone ring have been identified so far. To account for the missing 32 
mass units 2  oxygen atoms can be added to complete the molecular formula of 
C 15H 18O4 . To accommodate the 2 oxygen atoms in the partial structure given in Figure 
5.23 the addition of two epoxy groups was necessary at position 1,2 and 3,4 (Figure 
5.24).
1 2 ,8 -olide.
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Figure 5.22. HM BC spectrum o f  l ,2 ,3 ,4 -d iep o x y -1 l(13)-eu d esm en -12 ,8 -o lid e (H signals).
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CH
CH
Figure 5.23. The structure of 1,2,3,4-diepoxy-ll(13)-eudesmen-12,8-olide using 
HMBC.
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Figure5.24. ‘H-NMR and 13C-NMR chemical shift of l,2,3,4-diepoxy-ll(13) 
eudesmen-12,8-olide
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5.4.7 Effects of yomogin and l,2,3,4-diepoxy-ll(13)-eudesmen-
12,8-olide on contractile responses in guinea pig ileum to histamine
Histamine caused concentration-related contractile responses on the guinea pig ileum. 
In the presence of yomogin (n=4) contractile responses in the guinea pig ileum 
expressed as percentage of the maximum obtained in CRCj set to 100% showed 
significant inhibition (P<0.05) to histamine (lx l0 ‘7 M, n=4) before the maximal dose 
from 72.98±8.98% to 23.32±10.75% (Figure 5.25.a). Yomogin also showed a 
significant (P<0.01) effect by shifting the histamine curve to higher concentrations 
indicated by -log EC50 values obtained from -7.65±0.23 to -6.83±0.22 resulting in a 
dose ratio of 6.74±0.43 (Table 5.5).
l,2,3,4-diepoxy-ll(13)-eudesmen-12,8-olide was not purified in pure form because of 
its close similarity in structure with yomogin. Thus its pharmacological evaluation 
against histamine was carried out in a mixture with yomogin. In the presence of the 
mixture (n=4), contractile responses expressed as percentage of the maximum obtained 
in CRCi set to 100% showed significant inhibition (P<0.01) of the contractile 
maximum to histamine (3x1 O'7 M) from 95.48±4.17% to 53.62±4.98% in the guinea 
pig ileum (Figure 5.25). The -log EC50 values obtained showed no significant 
differences, however, a variable dose ratio of 9.82±6.07 was obtained (Table 5.5).
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Figure 5.25. Effects of (a) yomogin (n=4) and (b) mixture of yomogin and 1,2,3,4-diepoxy- 
11(13) eudesmen-12,8-olide (n=4) on contractile responses of the guinea pig ileum to 
histamine. Responses are the mean (±S.E.M.) contractions expressed as a percentage of the 
maximum contraction of CRCi. Mean responses (±S.E.M.) on individual concentrations of 
CRCi and CRC2 were compared by repeated measures ANOVA followed by Bonferroni 
pos-hoc test Significant (*, P<0.05 or **, PO.Ol) differences were seen between CRCi 
and CRC2. • —•  CRCi after 30 min tissue equilibration, ■ —■  CRC2 after 30 min tissue 
equilibration after the wash out of first curve, and 0 —0  CRC3 after 30 min tissue 
equilibration from the washout of second curve. 1 mg of the plant extracts dissolved in 0.1 
mL DMSO was added prior to the construction of CRC2.
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Table 5.5. Summary of the effects of yomogin and 1,2,3,4-diepoxy-11(13) eudesmen-12,8-olide on the maximum and the true -log EC50 values of mean 
cumulative CRC for the constrictor response of the guinea pig ileum to histamine. Maximum responses are mean (±S.E.M.) contractions. True EC50 
(±S.E.M.) were computed based on constrictor responses relative to the maximum of each CRC set to 100%. Mean maximum responses (±S.E.M.) and 
the true -log EC50 (±S.E.M.) of CRCi and CRC2, and CRC2 and CRC3 were compared using their corresponding values by paired Student t-test. 
Significant differences (**, P<0.05) between CRCi and CRC2. 1 mg of yomogin or a mixture of yomogin and l,2,3,4-diepoxy-ll(13) eudesmen-12,8- 
olide dissolved in 0.1 mL DMSO was added prior to construction of CRC2.
Plant extract CRC, c r c 2 c r c 3 Dose ratio( i s | ) n
Yomogin
Max (g) 2.50±0.85 1.57±0.23 1.82±0.47 4
-log EC50 -7.65±0.23 -6.83±0.22** -6.81±0.13 6.74±0.43
Mixture of yomogin and 1,2,3,4- 
diepoxy-ll(13) eudesmen-12,8- 
olide
Max (g) 1.63±0.30 1.22±0.34 1.42±0.47 4
-log EC50 -7.70±0.24 -6.98±0.13 -7.01±0.03 9.82±6.07
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5.5 Discussion
5.5.1 The antagonistic activity of the chloroform and methanol
extracts of A. vulgaris on contractile responses of the guinea pig 
ileum to 5-HT, methacholine, histamine and 0-PEA
The AV-CHCI3 showed a high degree of reducing the maximum contractile responses 
induced by 5-HT, methacholine, histamine and [3-PEA on the guinea pig ileum (Figure 
5.2). The degree of inhibition was however different for each agonist with greater 
effect upon the maxima of 5-HT and histamine. The presence of AV-MeOH produced a 
similar reduction in the contractile responses induced by 5-HT, methacholine, 
histamine and (3-PEA but to a lesser extent compared to AV-CHCI3 . The plant extracts 
therefore may contain compounds that have non-selective inhibitory effects upon all 
spasmogens such as smooth muscle relaxant properties.
Histamine can induce smooth muscle contractions in the gut by stimulation of 
histamine Hi receptors, which is directly linked to the G-protein Gq that activates PLC 
which initiates the production of IP3 and DAG that leads to the increase of cytoplasmic 
Ca2+ through intracellular Ca2+ release (Leurs et a l, 1995; Mahdy et al., 2008; 
Timmerman et al., 2009). The addition of AV-CHCI3 showed a parallel shift of the 
curve to the right to histamine CRC which suggest that plant components are 
selectively exerting antagonism on the Hi histamine receptors. A significant recovery 
of contractile responses after the AV-CHCI3 washout indicates reversibility of this 
process. AV-MeOH produced a similar parallel shift of the histamine CRC but to a 
smaller degree compared to AV-CHCI3 . In the work of Khan et al. (2009) they 
suggested that the anti-spasmodic and anti-diarrhoeal activity of the methanolic-water
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extract of the plant might be mediated through the blockade of the cholinergic receptors 
and Ca2+ mechanisms. The results on the methanol extract however revealed no 
cholinergic blockade instead histamine Hi receptor antagonism was observed. 
Therefore the use of A. vulgaris for the treatment of spasm of the bowels and diarrhoea 
can be suggested to be mediated through histamine Hi receptor antagonism.
5.5.2 The antagonistic activity of the chloroform and methanol
extracts of A. vulgaris on contractile responses of the guinea pig 
trachea to histamine and p-PEA
One of the important traditional use of A. vulgaris is for alleviating asthmatic 
conditions (Quisimbing, 1978; Tigno et al., 2000b). Asthma is a frequent reversible 
obstruction of the airways in response to an array of physical and chemical stimuli 
(Fish et al., 1999; O’Byme, 2008). Characteristics of this disease usually involves 
airway inflammation and bronchial hyperactivity such as bronchoconstriction that leads 
to difficulty in breathing (Melillo et al., 2001). Asthma usually occurs as a result of the 
exposure of allergen which activates the production of IgE antibodies that binds to IgE 
receptors present in mast cells (Jouvin et al., 1998). This eventually leads to the release 
of mediators such as histamine that constrict the bronchial smooth muscle (Ackerman 
et a l, 1995), dilates bloods vessels and stimulates mucous glands (Shibano et al., 
1998). In the current study, AV-CHCI3 showed significant inhibition to the maximum 
contractile responses elicited by histamine. In addition, AV-CHCI3 also showed the 
presence of histamine Hi antagonist indicated by a curve shift of the histamine CRC to 
the higher concentration which is similar to histamine antagonism observed in the 
ileum. AV-CHCI3 showed no significant effects on contractile responses for p-PEA.
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The AV-MeOH revealed no inhibition of the maximum contractile response to 
histamine. It also showed a non-significant shift of the histamine curve to the right but 
gave a high and variable dose ratio. Previously the methanolic-water extract has been 
reported to inhibit the carbachol induced contractions in the guinea pig trachea which 
indicates the presence of a cholinergic antagonist (Khan et al., 2009). It was also 
reported that the methanolic-water extract causes relaxation on K+-induced contractions 
in the trachea (Khan et al., 2009). In addition, AV-MeOH caused a significant 
potentiation of contractile responses which might suggest the presence of TAAR 
agonists. Moreover, AV-MeOH did not exert contractile effects when added to the 
tissue instead a slight lowering of the baseline was observed. This suggests that the 
potentiation is not due to a direct agonist effect but may be due to an allosteric 
interaction at the TAAR receptor. The lowering of the baseline suggests the presence 
of a smooth muscle relaxing component. Whether this was due to a p-adrenoceptor 
action cannot be concluded since the propranolol (a P-adrenoceptor antagonist) was not 
added until after the addition of the extract.
Therefore A. vulgaris use for treating asthma might be mediated through the cholinergic 
receptors (Khan et a l, 2009) or through the histamine Hi receptors.
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5.5.3 The antagonistic activity of the methanol extracts of
yomogin and l,2,3,4-diepoxy-ll(13) eudesmen-12,8 -olide on
contractile responses of the guinea pig ileum and trachea
The bioassay-guided fractionation of the A. vulgaris chloroform extracts against 
histamine Hi antagonism resulted in the isolation of two sesquiterpene lactones, 
yomogin and l,2,3,4-diepoxy-ll(13)-eudesmen-12,8-olide. Previously both of these 
compounds were also isolated from the chloroform partition of the aqueous extract 
from the same plant variety (Tigno et a l , 2000b). Yomogin has also been reported to be 
present in other species of Artemisia (Geissman, 1966; Jeong et al., 2004; Nagaki, 
1984) and is known for its anti-carcinogenic properties (Zhang et al., 2005). Previous 
reports have shown that the anti-inflammatory properties of yomogin and similar 
sesquiterpene lactones from a variety of medicinal plants are due to inhibition of nitric 
oxide production in LPS-activated macrophages (Dirsch et al., 2000; Ryu et al., 1998; 
Zhang et al., 2005).
In the present study yomogin exhibited a novel inhibition of histamine Hi receptors, 
which was indicated by shifting of the histamine curves to higher concentration in the 
guinea pig ileum. Because it lacks an amine functional group which most anti­
histamine possess it can be suggested that the compound acts indirectly by a new 
mechanism that specifically inhibits histamine Hi receptors.
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5.6 Conclusion
Artemisia vulgaris has been used traditionally for the treatment of diseases related to 
the gastrointestinal tract and disorders of the airway, such as spasm of the bowels, 
diarrhoea and asthma. Its possession o f a smooth muscle relaxing property is due to its 
non-selective inhibitory anaesthetic effects and the presence of histamine receptor 
antagonism. In the gut and trachea the histamine Hi receptor mediated-relaxation 
further validate its traditional medicinal uses. In addition, the sesquiterpene lactone 
yomogin, a major component, was identified to exhibit the observed histamine Hi 
receptor antagonism in the gut. Because yomogin lacks the amine moiety that most 
antihistamines possess it is thought that it might be working in a novel mechanism. The 
sesquiterpene lactone 1,2,3,4-diepoxy-ll(13)-eudesmen-12,8-olide was also isolated as 
one of major components of the chloroform crude extract.
Artemisia vulgaris showed no significant antagonism for TAARs. Instead a TAAR 
agonist was likely to be present in the methanolic extract as indicated by potentiation of 
P-PEA contractile responses in the trachea.
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Pharmacological effects of Artemisia 
vulgaris on responses of the
guinea pig aorta to
phenylephrine
and p-PEA
6.1 Introduction
CHAPTER 6
In the phytochemical study of Artemisia vulgaris several bioactive components have 
been previously reported to alleviate a number of diseases in the gut, airways (Khan et 
al., 2009) and cardiovascular system (Tigno et al., 2000a; Tigno et al., 2000b). The 
phytochemical study of plants also reported various compounds such as polyacetylenes 
(Wallnofer et al, 1989), coumarins (Murray et al., 1986), flavonoids (Lee et al., 1998; 
Nikolava et al., 2007) and terpenes (Nagaki, 1984). In the previous chapter two major 
constituents, yomogin and 1,2,3,4-diepoxy-11(13)-eudesmen-12,8-olide, were
identified in A. vulgaris. In the study of its anti-hypertensive and anti inflammatory 
properties yomogin a sesquiterpene lactone was previously reported to inhibit iNOS 
activity (Jeong et al., 2004; Ryu et al., 1998; Tigno et al., 2000a; Tigno et al., 2000b).
In this chapter the possible antagonistic activity of A. vulgaris extracts on responses of 
the guinea pig aorta mediated via ai-adrenoceptors and TAARs will be examined. In 
addition the role of extracellular and intracellular Ca release in contractions due to ai- 
adrenoceptor agonist phenylephrine and the effects of the plant extracts will be looked 
into. KC1 was used as a standard agonist to elicit contractions through extracellular 
Ca2+ influx (Kaczorowski et al., 1999; Shinjoh et al., 1991; Sonkusare et a l, 2006). 
Ryanodine and caffeine, both known to stimulate the ryanodine receptors in the SR 
were used to study intracellular Ca2+ release (Borisova et al., 2007; Ehrlich et al., 1994; 
Gomez-Viquez et al., 2005).
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6.2 Aims
• To study the antagonistic property of Artemisia vulgaris chloroform and 
methanol crude extracts against phenylephrine and p-PEA employing 
cumulative concentration response curves (CRCs) for the contractile responses 
of guinea pig isolated aorta.
• To study the effects of Artemisia vulgaris chloroform extract on intracellular 
calcium uptake and reuptake in the guinea-pig aorta using phenylephrine 
induced contractions and treatment with ryanodine.
• To study the effect of Artemisia vulgaris chloroform extract on extracellular 
Ca2+ influx using non-cumulative KC1 CRCs in guinea-pig aorta
• To study the effect of Artemisia vulgaris chloroform extract on intracellular 
calcium uptake and reuptake using repeated single dose caffeine challenge.
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6.3 Methods and Materials
The main methods and experimental protocols described in Chapter II were retained 
throughout this study unless otherwise stated. The plant crude extracts used in this 
study are A. vulgaris chloroform extract (A V -C H C I3 ) and methanol crude extracts (A V -  
MeOH) (refer to section 5.3.3).
6.3.1 Protocols for repeated agonist cumulative CRCs on guinea
pig aorta
After equilibration, repeated cumulative CRCs for phenylephrine and P-PEA on the 
guinea pig aorta were obtained in the absence and presence of the extracts AV-CHCI3 
or AV-MeOH. One milligram of A. vulgaris extract was dissolved individually in 0.1 
mL DMSO and incubated separately with the tissue for 20 minutes prior to the 
construction of each CRC2. Approximate concentration of the plant extract in a 50 mL 
bath was therefore equivalent to 0.02 mg/mL.
6.3.2 Protocols for repeated phenylephrine cumulative CRCs on
guinea pig aorta in the presence of ryanodine
Repeated cumulative CRCs for aortic rings were constructed for contractile responses 
to phenylephrine. The tissues were left to equilibrate for 60 min before drug addition. 
After restoring the resting tension by washing the tissues and a total of tissue 
equilibration of 60 minutes, ryanodine (lxlO '5 M) was added. When the tension caused 
by ryanodine had reached the plateau, a second cumulative CRC for phenylephrine was
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obtained. O ne m illigram  o f  A V -C H C I3 d isso lv ed  in 0.1 m L  D M S O  w as a lso  incubated  
2 0  m inutes prior to the addition o f  ryanodine.
6.3.3 Protocols for repeated single dose curves to caffeine on 
guinea pig aorta
R epeated sin g le  d ose curves for aortic rings w ere prepared for contractile resp on ses to  
30  m M  caffeine. The tissu es w ere left to  equilibrate for 6 0  m in before drug addition. 
A fter restoring the resting tension  b y  w ash in g  the tissu es and equilibration  o f  60  
m inutes after the first exposure to  ca ffein e w ashout the addition o f  ca ffe in e  w a s  
repeated. O ne m illigram  o f  AV-CHCI3 d isso lv ed  in 0.1 m L  D M S O  w as added 2 0  
m inutes before the second  caffeine CRC.
6.3.4 Protocols for repeated KC1 non-cumulative CRCs on 
guinea pig aorta
R epeated non-cum ulative C R C s for aortic rings w ere prepared for contractile responses  
to  KC1. To obtain non-cum ulative C R C s, su ccessiv e  increasing concentrations o f  KC1 
w ere prepared (4 , 25 , 4 0 , 60  m M ) then added to  50  m L  tissu e  bath after equilibration. 
Fresh K rebs solution w as prepared for each am ounts o f  KC1. T o m aintain iso ton ic ity  
equivalent am ounts o f  N aC l w as rem oved for each addition o f  increasing am ounts o f  
KC1. The tissu es w ere left to  equilibrate for 60  m inutes before drug addition. T h e tissu e  
bath w as drained out after the peak e ffect has been  reach b efore each  preced ing  
concentration. A fter restoring the resting tension  by w ash in g  the tis su e s  and  
equilibration o f  6 0  m inutes after the first curve the addition o f  KC1 w a s repeated. O ne
213
CHAPTER 6
milligram of AV-CHCI3 dissolved in 0.1 mL DMSO was added immediately after each 
new KC1 concentration in the second curve.
6.3.5 Drugs and solutions
All chemicals for the Krebs-bicarbonate buffer (analytical grade) were purchased from 
Fisher Scientific (Leicestershire, UK). Phenylephrine, P-PEA, Caffeine and KC1 were 
obtained from Sigma Aldrich (Poole, Dorset, UK). Ryanodine was obtained from 
TOCRIS Biosciences (Northpoint, Avonmouth, UK. All reagents were dissolved in 
distilled water, unless otherwise stated.
6.3.6 Data analysis
The peak responses in grams induced by ryanodine in repeated phenylephrine CRCs 
were measured from the baseline before its addition. The ryanodine maximum 
contractions (±S.E.M) were also expressed as a percentage of the maximum contractile 
response obtained in phenylephrine CRCi set to 100%. For CRC2 the new baseline after 
the maximum contractions induced by ryanodine stabilised was used.
The maximum (±S.E.M) and minimum (±S.E.M) responses in grams induced by 30 
mM caffeine in guinea pig aorta were measured from the baseline before its addition. 
The maximum (±S.E.M) and minimum (±S.E.M) responses obtained in the second 
curved were expressed as a percentage of their corresponding maximum and minimum 
responses obtained in the first curve set to 100% and -100%.
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6.4 Results
6.4.1 Effects of A. vulgaris chloroform and methanol crude
extracts on contractile responses in guinea pig aorta to 
phenylephrine and p-PEA
Phenylephrine and p-PEA caused concentration-depentent constrictor responses on the 
guinea pig aorta. Repeated cumulative CRCs for both phenylephrine and P-PEA 
previously showed a significant potentiation in the contractile maximum obtained in 
CRC2 (refer to section 2.5.4 and section 2.5.5). In the presence of the AV-CHCI3 this 
potentiation for both phenylephrine (n=4) and p-PEA (n=5) were eliminated (Table 6.1, 
Figure 6.1.a-b). In addition a significant inhibition (P<0.05) of contractile responses 
expressed as a percent of the CRCi maximum was also observed in p-PEA (3x1 O'4 M) 
from 50.46±6.95% to 25.06±3.75% resulting to a dose ratio of 4.55±2.46 (Table 6.1, 
Figure 6.1.b).
A similar inhibitory property of AV-MeOH against phenylephrine (n=4) was also 
observed by the inhibition of the potentiation previously described in repeated CRC on 
guinea pig aorta (Figure 6.1.c). For P-PEA (n=4) however a significant potentiation 
(PO.Ol) was still observed in the presence of the AV-MeOH from 98.21±21 to 
134.05±15.38 (Figure 6.1.d). This is similar to contractile response values obtained for 
the controls which suggests that the plant extract did not alter the increase of responses 
on repeated CRC to P-PEA (refer to section 2.5.5).
AV-CHCI3 causes a baseline lowering of 16.05±3.40% to phenylephrine and 
3.06±1.44% to p-PEA, and AV-MeOH causes also a baseline lowering of 19.30±3.50%
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to phenylephrine and an increase of 3.55.0±2.00% to P-PEA from the resting baselines 
before plant extract addition (Figure 6.2, Figure 6.3).
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Figure 6.1. Effects of A. vulgaris on mean cumulative CRCs of guinea pig aorta for 
constriction to (a) phenylephrine (n=4) and (b) P-PEA (n=5) treated with chloroform crude 
extract, and to (c) phenylephrine (n=4) and (d) P-PEA (n=4) treated with methanol crude 
extract. Responses are the mean (±S.E.M.) contractions expressed as a percentage of the 
maximum contraction of CRCj. Mean responses (±S.E.M.) on individual concentrations of 
CRQ and CRC2 were compared by repeated measures ANOVA followed by Bonferroni 
pos-hoc test. Significant difference (*, P<0.05 or **, P<0.01) were seen on p-PEA. • —•  
CRQ after 60 min tissue equilibration and ■ —■ CRC2 after 60 min tissue equilibration 
after the wash out of CRCj. One milligram of plant extract dissolved in 0.1 mL DMSO was 
added 20 minutes prior to CRC2.
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1 hr equilibration
1 mg AV-CHCI3  + 0.1 mL DMSO washout
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Figure 6.2. Representative chart recordings showing the effects of A. vulgaris chloroform 
extract (AV-CHC13) in repeated contractile response CRCs of the guinea pig aorta to. (a) 
Phenylephrine (refer to section 2.4.15 for phenylephrine concentrations used for each CRC) 
and (b) P-PEA (section 2.4.17 for P-PEA concentrations used for each CRC).
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Figure 6.3. Representative chart recordings showing the effects of A. vulgaris methanol 
extract (AV-MeOH) in repeated contractile response CRCs of the guinea pig aorta to (a) 
Phenylephrine (refer to section 2.4.15 for phenylephrine concentrations used for each CRC) 
and (b) P-PEA (section 2.4.17 for P-PEA concentrations used for each CRC).
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Table 6.1. Summary of the effects of A. vulgaris chloroform and methanol crude extract on the maximum and the true -log EC50 values of mean 
cumulative CRC for the constrictor response of the guinea pig ileum to phenylephrine and P-PEA. Maximum responses are mean (±S.E.M.) 
contractions. True EC50 (±S.E.M.) were computed based on constrictor responses relative to the maximum of each CRC set to 100%. Mean 
maximum responses (±S.E.M.) and the true -log EC50 (±S.E.M.) of CRC, and CRC2, and CRC2 and CRC3 were compared using their corresponding 
values by paired Student t-test.
A. vulgaris Agonist CRC, c r c 2 Doseratio( i ^ ) n
Chloroform crude 
extract
Phenylephrine Max (g) 0.90±0.05 1.00±0.16 4
-log EC50 -5.47±0.11 -5.32±0.11 1.50±0.28
P-PEA Max (g) 0.67±0.04 0.71±0.10 4
-log ECso -3.50±0.19 -3.02±0.07 4.55±2.46
Methanol crude 
extract
Phenylephrine Max (g) 0.66±0.15 0.76±0.25 4
-log EC50 -5.62±0.13 -5.52±0.14 1.32±0.22
P-PEA Max (g) 0.67±0.11 0.89±0.16 4
-log EC50 -3.53±0.03 -3.38±0.13 1.60±0.51
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6.4.2 Contractile responses in guinea pig aorta to repeated
phenylephrine cumulative CRCs in the presence of ryanodine -  
Absolute control
The addition of phenylephrine in cumulative CRCs caused concentration-related 
contractions in the guinea pig aorta. Administration of lxlO '5 M ryanodine before CRC2 
induced a smaller contraction relative to the maximum response to phenylephrine in 
CRCi (Figure 6.4).
Contractile responses expressed as percentage of the maximum obtained in CRCi 
showed that ryanodine caused non-significant potentiation at lx l O'6 M from 
5.22±4.94% to 50.31±14.54% and maximum potentiation from 97.01±2.93% to 
124.73± 15.72% to phenylephrine (n=4) (Figure 6.5.a). The contractile response to 
ryanodine from 1.75±0.98 to 43.98± 16.49 (Figure 6.5.b) was not affected by DMSO 
but the enhanced maximum response to phenylephrine (n=4) was abolished. Addition of 
the AV-CHCI3 (n=4) inhibited contractile response to ryanodine. The true -log EC50 
values for phenylephrine obtained in the presence of AV-CHCI3 showed no significant 
differences resulting in a dose ratio of 0.90±0.13. -log values of the absolute and 
DMSO controls were not determined because most of the contractile responses in 
phenylephrine after the addition of ryanodine were above 50% (Table 6.2). In addition, 
the contractions induced by ryanodine amounted to 45.50± 14.47% without treatment 
(Figure 6.5.a) and 38.56±17.17% when treated with DMSO (Figure 6.5.b) was totally 
blocked to 1.39±2.21% (Figure 6.5.c) in the presence of AV-CHCI3 .
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Figure 6.4. Representative chart recordings showing a repeated cumulative concentration- 
response curve (CRC) for the contractile response of guinea pig trachea to phenylephrine. 
Ryanodine was added after approximately 60 min after washout of CRCi. (Refer to section 
2.4.15 for phenylephrine concentrations used for each CRC).
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Figure 6.5. The effects of ryanodine on repeated phenylephrine CRCs on guinea pig aorta (a) without treatment, n=4 (b) with DMSO, n=4 and (c) 
in the presence of A. vulgaris chloroform crude extract (n=4). Responses are the mean (±S.E.M.) contractions induced by phenylephrine and 
ryanodine expressed as a percentage of the maximum contraction of CRCi. Mean responses (±S.E.M.) on individual concentrations of CRCi and 
CRC2 were compared by repeated measures ANOVA followed by Bonferroni pos-hoc test. Significant difference (*, P<0.05). • —•  CRCi after 
60 min tissue equilibration and CRC2 after ryanodine contractions reaches a plateau. Ryanodine (lxlO'5 M) was added 60 minutes after the 
washout of CRCi. 0.1 mL DMSO (b) or 1 mg of plant extract dissolved in 0.1 mL DMSO (c) was added 20 minutes prior to CRC2.
222
CHAPTER 6
Table 6.2. Summary o f  maximum and the true -log EC50 o f  mean cumulative CRC on constrictor response o f  the guinea pig aorta to 
phenylephrine CRCs in the presence o f  ryanodine and treated with A. vulgaris chloroform extract. Maximum responses are mean (±S.E.M.) 
contractions. True EC50 (±S.E.M.) were computed based on constrictor responses relative to the maximum o f  each CRC set to 100%. Mean 
maximum responses (±S.E.M.) and the true -log EC50 (±S.E.M.) o f CRCi and CRC2 were compared using their corresponding values by paired 
Student t-test.
Agonist CRCi c r c 2 Dose rati° ( i | ) n
Absolute control
Max (g) 1.07±0.14 1.34±0.10 4
-log EC50 -4.9310.26 - -
DMSO control
Max (g) 0.9110.06 0.91+0.08 4
-log EC50 -4.9010.08 - -
AV-CHCI3
Max (g) 1.46±0.19 1.45±0.18 4
-log ECS0 -4.9510.05 -5.0110.08 0.90±0.13
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6.43 Vasoconstrictions in guinea pig aortic rings to repeated
KC1 non-cumulative CRCs
The addition of increasing isotonic concentrations of KC1 in non-cumulative CRCs 
caused concentration-related contractions (Figure 6.6).
1.2 60 mM KCI
washout
washout
bass la</)c
0)
H
60 mM KCI
KCI
0.3- KCI
baseline 4
4 mM KCI 26 KCI0.0
10 minutes interval
Figure 6.6. Representative chart recording showing a series o f  cumulative concentration- 
response curve (CRC) for the contractile response o f  guinea pig aorta to KCI. To construct 
non-cumulative CRCs for KCI, successive increasing concentrations o f  isotonic KCI (4 
mM, 25 mM, 40 mM, 60 mM) solutions were added. The 50 mL tissue bath was drained 
out after the peak effect has been reached for the preceding concentration.
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The maximum contractile responses to repeated KCI CRCs showed significant 
potentiation without treatment (PO.05, n=4), in the presence of DMSO (P<0.05, n=5) 
and in the presence of AV-CHC13 (PO.Ol, n=4) from 1.28±0.33g, 1.03±0.13 g and 
0.83±0.15 to 1.54±0.38 g, 1.32±0.18 and 1.01±0.15 g (Table 6.3). Contractile responses 
expressed as a percentage of CRCi maximum showed no significant differences at the 
maxima of the repeated KCI CRCs from 100.00±0.0% for both the absolute control and 
in the presence of AV-CHCI3 to 123.82±8.24% and 124.125±6.44% Figure 6.7.a-b. In 
the presence of DMSO a significant increase (PO.Ol) in repeated KCI CRC from 
98.79±1.21% to 128.96± 10.45% was observed. No significant differences in EC50 
values was observed in the absolute control, DMSO control and in the presence of AV- 
CHCI3 from 30.00±2.97 mM, 33.75±0.75 mM and 31.25±3.09 mM to 30.00±1.96 
mM, 34.00±1.68 mM and 32.50±0.29 mM resulting to dose ratios of 1.20±0.08, 
1.36±0.07 and 1.30±0.01, respectively.
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Figure 6.7. Mean cumulative CRCs of guinea pig aorta using the agonists KCI (isotonic solution), (a) Absolute control, n=4, (b) DMSO control, 
n=5 and (c) in the presence of A. vulgaris chloroform crude extract, n=4. Responses are the mean (±S.E.M.) contractions expressed as a percentage 
of the maximum contraction of CRCi. Mean responses (±S.E.M.) on individual concentrations of CRCi and CRC2 were compared by repeated 
measures ANOVA followed by Bonferroni pos-hoc test. **Significant differences (P<0.01). • —•  CRCi after 60 min tissue equilibration and 
CRC2 after 60 min tissue equilibration after the wash out of CRCi. One milligram of plant extract dissolved in 0.1 mL DMSO (b) or DMSO 
(c) was added immediately after each new isotonic concentrations of KCI was made to CRC2.
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Table 6.3. Summary of maximum and the true -log EC50 of mean non-cumulative CRC on constrictor response of the guinea pig aorta to KCI -  
effects of A. vulgaris chloroform crude extract. Maximum responses are mean (±S.E.M.) contractions. True EC50 (±S.E.M.) were computed based 
on constrictor responses relative to the maximum of each CRC set to 100%. Mean maximum responses (±S.E.M.) and the true -log EC50 (±S.E.M.) 
of CRCi and CRC2, and CRC2 and CRC3 were compared using their corresponding values by paired Student t-test.
Agonist CRC! CRC2 Doseratio( i | ) n
Absolute control
Max (g) 1.28±0.33 1.54±0.38* 4
EC50 (mM) 30.00±2.97 30.0011.96 1.20±0.08
DMSO control
Max (g) 1.03±0.13 1.3210.18* 4
EC50 (mM) 33.75±0.75 34.0011.68 1.36±0.07
AV-CHCI3
Max (g) 0.83±0.15 1.01±0.15** 4
EC50 (mM) 31.25±3.092 32.5010.29 1.30±0.01
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6.4.4 The effects of A. vulgaris on guinea pig aorta to repeated
caffeine contractions
The addition of single dose of 30 mM of caffeine caused contractions followed by 
relaxation in the guinea pig aorta (Figure 6.8).
30 mM caffeine
1.0 - 1mg AV-CHCIj + 0.1 mL DMSO
o> washout
washout
«2 0.8 -
baseline (1 hour tissue equilibration)
10 minutes interval
Figure 6.8. Representative chart recording showing repeated single dose concentration- 
response curve (CRC) for the contractile response of guinea pig aorta to 30 mM caffeine.
The contractile responses induced by repeated 30 mM caffeine challenge (n=4) showed 
no significant increase on the second challenge from 0.12±0.02 g to 0.16±0.03 g. The 
relaxation after each contractions induced by caffeine also showed no significant 
differences in repeated caffeine responses. In the presence of DMSO and AV-CHCI3
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the maximum contractions in repeated addition of caffeine showed a significant 
(P<0.05) potentiation from 0.15±0.02 g and 0.18±0.03 g to 0.18±0.04 g and 0.24±0.04 
g, followed by non-significant relaxations from 0.07±0.02 g and 0.08±0.03 g to 
0.05±0.02 g and 0.11±0.06 g (Table 6.4).
The percentage of maximum contractions induced by repeated caffeine challenge 
relative to the maximum responses obtained in the first challenge showed no significant 
differences among the mean contractile maxima of the absolute (134.04±13.114%) and 
DMSO controls (120.78±7.10%) and with AV-CHC13 (145.33±19.18%) (Figure 6.9). 
No significant differences on the relaxations after each contractions induced by caffeine 
were also observed between the absolute (-70.27±38.00%) and DMSO (-56.02±25.17) 
controls and in the presence of AV-CHCI3 (-97.83±29.44%) (Figure 6.9).
Table 6.4. Summary of contraction and relaxation responses of the guinea pig aorta to 
repeated 30 mM caffeine challenge. Maximum and minimum responses are mean 
(±S.E.M.) contractions. Mean maximum and minimum responses (±S.E.M.) were 
compared using their corresponding values by paired Student t-test. Significant difference 
(*, P<0.05).
c , c 2 n
Absolute control
Max (g) 0.12±0.03 0.16±0.03 4
Min (g) 0.06±0.02 0.06±0.04
DMSO control
Max (g) 0.15±0.02 0.18±0.03* 4
Min (g) 0.07±0.02 0.05±0.02
A. vulgaris 
chloroform crude 
extract
Max (g) 0.18±0.04 0.24±0.04* 4
Min (g) 0.08±0.03 0.11±0.06
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Figure 6.9. The effects of repeated caffeine challenge on contractile responses on guinea 
pig aorta in the absence (n=4) and presence of DMSO (n=4) or AV-CHC13 (n=4). Mean 
maximum and minimum responses (±S.E.M.) were compared using their corresponding 
values by paired Student t-test. Significant difference (*, P<0.05) from Ci. 1 mg of A. 
vulgaris chloroform dissolved in 0.1 mL DMSO was added 20 minutes before the second 
curve.
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6.5 Discussion
6.5.1 Vasoconstrictions in guinea pig aorta to phenylephrine
Vascular smooth muscle contraction like other types of muscles is usually associated 
with the rise of cytoplasmic concentration of Ca2+ (Ford et al., 1999; Karaki et al., 
1988; Low et al., 1993). This contraction can either result from intracellular Ca2+ 
release from the sarcoplasmic reticulum (SR) or extracellular Ca2+ influx through 
receptor operated channels (ROCs) (Ford et al., 1999; Low et al., 1993; Rohra et al., 
2003; Shinjoh et al., 1991). In the SR two principal pathways have been identified for 
Ca2+ release: one is through the activation of IP3 receptors, and the second is a Ca2+ 
sensitive pathway regulated by caffeine and ryanodine (Ehrlich et al., 1994; Pan et al., 
2000; Wada et al., 1997; Wagenknecht et al., 1997). The increase of cytoplasmic Ca2+ 
facilitates its binding with calmodulin which initiates the activation of myosin light- 
chain kinase (Houdusse et al., 1996; Silver et al., 1981). The calcium-calmodulin- 
myosin light kinase complex further undergoes phosphorylation of myosin which 
initiates contraction and the activation of myosin ATPase (Figure 6.10) (Batchelder et 
al., 2007; S ilvers al., 1981).
Phenylephrine caused concentration-related contractions in the guinea pig aorta. The 
aortic smooth muscle contractions due to phenylephrine is mediated via the activation 
of cii -adrenoceptors that stimulates the IP3/DAG cascades that leads to the rise in 
cytoplasmic Ca2+ level (Figure 6.10) (Ford et al., 1999). Previously it was shown that 
repeated exposure of the aortic rings to phenylephrine causes potentiation of the 
contractile responses.
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Phenylephrine
,2+
PLC
Depolarization
t e a 2*
calm odulin
Ca ^-calmodulin
M yosin light-chain kinase
Myosin-P Myosin
sarcoplasmic
reticulum Contraction
Aortic sm ooth muscle
Figure 6.10. The mechanism of smooth muscle contraction due to phenylephrine. 1) a r  
adrenoceptors. 2) Voltage-gated calcium channels. 3) Ligand-gated cation channels. 
Phospholipase C, PLC; Inositol triphosphate, IP3; Inositol triphosphate receptor, IP3R; 
Ryanodine receptors, Ry. Adapted from (Rang et al., 2007)
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To evaluate if the increase in the vascular tone to PE is due to priming-up of 
intracellular Ca2+ storage sites in SR, experiments were performed in the presence of 
ryanodine in the second curve. Ryanodine (lxl0"5 M) is known to fully close ryanodine 
receptor Ca2+-release channels in the SR (Ford et a l, 1999; Meissner, 1986; Naganobu 
et al, 1994). The addition of ryanodine elicits a sharp increase in contraction but with a 
smaller maxima compared to the phenylephrine maximum. The contraction due to 
ryanodine is because it partially opens Ca2+ channels at lower concentrations (Gomez- 
Viquez et al, 2005). Comparison of repeated PE with or without ryanodine showed a 
persistent increase in vascular tension which was observed at the maximum. In the 
presence of DMSO, however, the potentiation in the second curve was totally blocked 
which implied that DMSO might interfere with the mechanisms involved in the 
potentiation of the response. The fact that ryanodine did not prevent the potentiation 
suggest that activation of a ryanodine-sensitive Ca channel is not involved.
To further investigate the role of intracellular Ca2+ release in the increase of vascular 
tone in repeated CRCs, experiments with repeated caffeine challenge were performed. 
Caffeine is a known agonist of the ryanodine receptors (Borisova et a l, 2007; Gomez- 
Viquez et a l, 2005) that fully open Ca2+-release channels in the SR at high 
concentrations (Ehrlich et al, 1994). With repeated exposures of caffeine, a significant 
increase of the contractile responses was observed which also occurred in the presence 
of DMSO. This further suggests that the repeated opening of Ca2+-release channels by 
caffeine might have similar mechanisms to the rise of contractions due to PE. The 
secondary relaxation followed after each contraction due to caffeine has been reported
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before (Hattori et al., 1994) but no explanation was provided. Neither of the responses 
was affected by AV-CHCI3 unlike its action on PE in the presence of ryanodine.
To examine the role of the extracellular Ca2+ influx component of the contractions in 
the rise of contractile responses in repeated exposure of aortic ring preparations to PE, 
experiments of repeated contractions to KCI were also performed. Higher 
concentrations of extracellular KCI are known to depolarize the cytosol which promotes 
extracellular Ca2+ influx via the voltage-gated calcium channels or ligand gated cation 
channels (Kaczorowski et al, 1999; Kochegarov, 2003; Shinjoh et al., 1991; Sonkusare 
et al, 2006). The repeated KCI challenge showed an increase of the low affinity 
vascular tension similar to contractions obtained to repeated PE challenge. This further 
showed that the repeated extracellular Ca2+ influx at low affinity contractions have 
similar characteristics to the repeated rise in vascular constriction induced by PE. Thus, 
it can be suggested that the increase in responses is not due to extracellular Ca2+ influx 
but by intracellular Ca2+ release. In the presence of DMSO a potentiation of responses 
was also observed.
6.5.2 The antagonistic activity of the chloroform and methanol
crude extracts of A. vulgaris on contractile responses in guinea pig 
aorta to phenylephrine
Control experiments on the guinea pig aorta showed a significant increase of the 
maximum of contractile responses on repetition to PE. In the presence of AV-CHCI3 
and AV-MeOH the rise in vascular tension was totally inhibited to the pre-extract level. 
The response however was not blocked further. This suggests that the inhibition is not
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merely due to smooth muscle relaxant property or ai-adrenoceptor blockade. It suggests 
that the plant components might be blocking the intracellular Ca2+ release or 
extracellular Ca2+ influx that controls the enhanced response on repeating exposure.
AV-CHCI3 totally inhibited contractions elicited by ryanodine which suggests that the 
inhibitory property of the extracts is mediated probably through the intracellular 
ryanodine receptor Ca2+ release mechanism. On the other hand, the inhibition of the 
increase in vascular tone observed for PE in the presence of AV-CHCI3 cannot be fully 
explained because DMSO itself inhibited the potentiation of the PE maximum 
responses. The responses to caffeine exposure and its potentiation on repeated exposure 
were not affected in the presence of the AV-CHCI3 which also suggests that the plant 
extract in not inhibiting intracellular Ca2+ regulated by caffeine. However, in the 
vascular smooth muscle ryanodine blocks contractions as a consequence of intracellular 
Ca2+ release induced by caffeine from the SR (Kojima et a l , 1994). Therefore it can be 
suggested that the plant extract is inhibiting the increase in vascular tone similar to the 
ryanodine action. This might explain the action of A. vulgaris extracts of effectively 
lowering the rat blood pressure only in hypertensive states (Tigno et al., 2000a). In 
experiments using repeated KCI no alteration of the increase in vascular tension was 
observed in the presence of AV-CHCI3 which further suggests that the action of AV- 
CHCI3 in contractions to PE is not through extracellular Ca2+ influx.
The previous chapter have shown the isolation of two major components, yomogin and
1,2,3,4-diepoxy-11(13) eudesmen-12,8-olide in AV-CHCI3. Previous study has shown 
that yomogin inhibits nitric oxide (NO) production (Ryu et a l , 1998) and reported for 
having antihypertensive activity (Tigno et al., 2000a). NO from the endothelium is
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known to activate cGMP which can block extracellular Ca2+ influx, hyperpolarize the 
cell through K+ channels, and decrease intracellular Ca2+ release resulting in vascular 
smooth muscle relaxation (Kansui et al., 2008; Schmidt et al., 1993). However, 
phenylephrine has been shown to activate ai-adrenoceptors only but not iNOS (Dora, 
2001; Lopez et al., 2009). Thus, an action via NO by yomogin in the extract is unlikely 
to explain the inhibition of the enhanced vasoconstriction to PE.
6.5.3 The antagonistic activity of the chloroform and methanol
crude extracts of A. vulgaris on contractile responses in guinea pig 
aorta to p-PEA
p-PEA caused concentration-related contractions in the guinea pig aorta. Similar 
studies have shown that p-PEA can induce vasoconstriction in rat aortic rings (Fehler et 
al., 2010) and porcine isolated coronary artery rings (Herbert et al., 2008). Trace 
amines are known to induce vasoconstriction through indirect symphathomimetic effect 
(Broadley, 1996). The progressive exhaustion of stored noradrenaline in repeated 
release from neuronal storage sites is tachyphylaxis (Broadley, 2010). However, control 
experiments on the guinea pig aorta showed a significant increase of the vascular tone 
rather than a decrease with repeated p-PEA exposure which suggests that p-PEA is not 
acting as an indirect symphathomimetic but is stimulating TAAR.
In the presence of AV-CHCI3 the rise in aortic tension to p-PEA was totally inhibited 
which suggests that the plant components might be blocking the intracellular Ca2+ 
release similar to its action on ryanodine. This further suggests that TAARs might have 
a similar mechanism of eliciting contractions via intracellular Ca2+ release. However,
236
CHAPTER 6
like phenylephrine, the presence of the methanolic extract, AV-MeOH, showed no 
significant reduction on the increase of vascular tension.
6.6 Conclusions
In conclusion, Artemisia vulgaris extracts inhibit the increase in vascular tone brought 
about by repeated activation of intracellular Ca2+ release regulated by the ryanodine 
receptor, resulting from stimulation of ai-adrenoceptor or TAARs. This mechanism 
offers a sound mechanism for its effective lowering blood pressure in hypertensive 
states (Tigno et al., 2000a).
Artemisia vulgaris showed no significant antagonism for TAARs.
237
Chapter 7 
General Discussion
CHAPTER 7
7.1 General discussion
The aim of my thesis was to identify biogenic amine receptor antagonist in the gut, 
airways and cardiovascular system from selected medicinal plants of Philippine origin. 
The selected plants were Artemisia vulgaris, Chrysanthemum coronarium, Moringa 
oleifera, Sesbania grandiflora and Vitex negundo. This research is particularly relevant 
in diseases such as hyperactive gut, asthma and allergy, and hypertension. Likewise, 
this investigation is also equally important in the search for a TAARs antagonist. The 
lack of specific TAARs antagonist hinders further pharmacological evaluation of its 
signalling mechanism (Zucchi et a l , 2006),
The rationale of this chapter is to present a summary o f the most important data 
obtained and discuss how it validates the traditional beneficial uses of the selected 
plants. The work in Chapter 2 establishes the controls for preliminary phytochemical 
and pharmacological work for evaluating the antagonistic activity of the plant extracts. 
5-HT, methacholine, histamine, phenylephrine and p-PEA were used as standard 
agonist for 5 -HT2 receptor, muscarinic M3 receptor, histamine Hi receptor, di- 
adrenoceptors and TAARi, respectively, for contraction of the guinea pig ileum, 
trachea and aorta. In Chapter 2 it was shown that repeated exposure with concentration- 
responses curves for the contractions in the presence of the vehicle DMSO produces 
identical contractile responses. In the aorta however repeated contractions mediated via 
ai-adrenoceptors and TAARi produces an increase in vascular tone on the second 
exposure. The preliminary pharmacological screening of the chloroform and methanol 
extracts of S. grandiflora and C. coronarium in the guinea pig ileum were examined in
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Chapter 3. In Chapter 4, the pharmacological evaluation of the acid-base extract of V 
negundo and M. oleifera in the guinea pig ileum, trachea and aorta were presented. 
Since most of the biogenic amine receptor antagonists have an amine moiety the acid- 
base extraction was employed. Chapter 5 and 6  deals with the pharmacological 
evaluation of A. vulgaris chloroform and methanol extracts. The pharmacological 
evaluation, isolation and structure elucidation o f two major components of the extract 
of A. vulgaris yomogin and l,2,3,4-diepoxy-ll(13)-eudesmen-12,8-olide were also 
presented in Chapter 5.
Histamine Hi receptors and muscarinic M3 receptors have been known as therapeutic 
targets for alleviating illnesses related to hyperactive gut, airway hyperresponsiveness, 
and vascular disease (Brunton et a l ,  2005). The Hi receptor and M3 receptors directly 
coupled with the G-protein Gq causes direct contractile actions on smooth muscles 
present in the ileum and trachea through the PLC/IP3 system (Ehlert, 2003; Leurs et a l, 
1995; Small, 2005). On the other hand, activation o f Hi receptors and M3 receptors 
results also in relaxation of the vascular smooth muscle due to the production and 
release of an endothelium derived relaxant factor nitric oxide (Beyak et a l,  1995; 
Ehlert, 2003; Hide et a l,  1988; Yang et a l ,  2002).
Sesbania grandiflora is traditionally prescribed for - inflammation resulting from 
sprain and contusions, diarrhoea and dysentery, and is used also as a laxative (Duke, 
1983; Kuhad et a l,  2009; Subramanian et a l,  2003). Various compounds have been 
isolated from the different parts of the plant including terpenes (Das et a l ,  1999), 
flavonoids (Das et a l, 1998; Saxena et a l, 1999a), saponins (Tiwari et a l ,  1964a) and 
alkaloids (Bhowmick et a l, 1988; Fojas et a l,  1982). Previous study on the methanolic
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leaf extracts revealed the anti-inflammatory properties against carrageenan-induce paw 
edema (Kuhad et a l , 2009).
In the present study the methanolic leaf extracts of S. grandiflora revealed histamine Hi 
receptor antagonism which further validates the plants traditional use in treatment of 
inflammation.
The flowers of S. grandiflora are considered vegetables in the Philippines (Duke,
1983). The present work on the methanolic flower extracts of S. grandiflora revealed 
the presence of histamine Hi receptor and muscarinic M3 receptor antagonism. 
Inhibition of both of these receptors would induce relaxation and inhibition of gut 
motility to relieve diarrhoea (Ehlert, 2003; Small, 2005). The traditional belief that the 
flowers can lower blood pressure (Fojas et al., 1982) might be due also to the activation 
by the plant extracts of Hi receptors or M3 receptors that initiates NO release that 
results in hypotension (Ehlert, 2003; Small, 2005). However this effect was not 
determined here in the ileum.
Vitex negundo is traditionally used for its therapeutic effects which include anti­
inflammatory, anti-asthma, analgesic, anticonvulsant, and antinociceptive (Dharmasiri 
et a l , 2003; Ismail, 2010; Zaware et al., 2010). The plant was also approved for 
manufacture and distribution in 1996 in the form of tablets as a remedy for asthma, 
cough, colds and fever by the Philippine Department of Health (Mendoza, 2010). 
Phytochemical studies of the plant revealed several groups of bioactive metabolites 
such as terpenes (Zheng et a l , 2010a; Zheng et a l,  2010b), flavonoids (Misra et a l,  
1980; Subramanian et a l, 1979), phenols (Rao et a l,  1977) and phenylnapthalene-
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lignan derivatives which were reported to be potent nitric oxide NO inhibitors (Zheng 
et a l,  2010a). The alkaloid vitedoamine A was also isolated from the plant (Li et a l,  
2009).
One of the most important uses of V negundo is in the treatment of asthmatic patients 
(Bansod et a l, 2009). In the present study, the plant showed membrane stabilizing 
components and histamine Hi receptor antagonism in the ileum and trachea. In asthma, 
histamine Hi antagonist becomes important particularly when asthmatic episodes were 
precipitated by severe histamine release in patients with associated allergy such as 
rhinitis (runny nose) and urticaria (skin rash) (Gelfand, 2002). Blocking Hi receptors 
stops the histamine contribution to allergic rhinitis symptoms such as sneezing, 
rhinorrhea and nasal ithching and congestion (Buske, 1996; Gelfand, 2002). The plant 
anti-inflammatory properties can also be validated through its inhibition o f the 
histamine Hi receptors (Gelfand, 2002).
In the aorta repeated stimulation of ai-adrenoceptor and TAARi by phenylephrine and 
p-PEA produces an increase in vascular tone. In the presence of V negundo the 
enhancement of the maximum for both phenylephrine and p-PEA was totally inhibited.
Artemisia vulgaris is a herb commonly used in traditional and alternative medicine 
(Tigno et a l,  2000b). The plant therapeutic uses include anti-inflammatory, anti­
asthma, analgesic, antispasmodic (Duke, 1983; Khan et a l ,  2009; Quisimbing, 1978). It 
is also useful in treatment of abdominal colic, dyspepsia and diarrhoea, and 
hypertension (Duke, 1983; Khan et a l, 2009; Quisimbing, 1978; Tigno et a l,  2000b).
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The pollen of the plant has been also implicated to induce allergy of the airways 
(Pastorello et al, 2002).
In the guinea pig ileum both the A. vulgaris chloroform (AV-CHCI3) and methanol 
(AV-M eOH ) extracts showed the presence of histamine Hi antagonistic properties. 
Previous work on the methanolic-water extract of the plant suggested that its anti- 
spasmodic and anti-diarrhoeal activity is possibly mediated through the double 
blockade of the cholinergic receptors and Ca2+ mechanism (Khan et al., 2009). The 
result on AV-M eOH, however, revealed no cholinergic blockade instead histamine Hi 
antagonism was observed. Therefore the use of A. vulgaris for the treatment of spasm 
of the bowels and diarrhoea can be suggested to be mediated through histamine Hi 
receptor antagonism.
Bioassay-guided evaluation of AV-CHCI3 for its histamine Hi receptor antagonism in 
the ileum resulted to the isolation of two related sesquiterpene lactones, yomogin and
l,2,3,4-diepoxy-ll(13)-eudesmen-12,8-olide. Further tests have shown that yomogin 
causes Hi receptor antagonism. Because yomogin lacks an amine moiety, which most 
antihistamines posses, it is thought that it is acting indirectly at Hi receptors by a novel 
mechanism.
In the current study, AV-CHCI3 further confirmed the presence of histamine Hi 
antagonist activity in the trachea. This suggests that the traditional use of A. vulgaris for 
alleviating asthmatic conditions might be mediated through its inhibitory action to 
histamine Hi receptors. Its anti-inflammatory properties can also be explained using a 
similar mechanism.
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AV-MeOH showed a non significant shift of the histamine curve to the right indicative 
of Hi receptor antagonism but gave a high and variable dose ratio in the guinea pig 
trachea. Previously the methanolic-water extracts have been reported to inhibit the 
carbachol-induced contractions in the guinea pig trachea which indicates the presence 
of chlolinergic antagonist (Khan et al., 2009). It was also suggested that the methanolic 
water extract causes relaxation on K+-induced contractions in the trachea (Khan et al., 
2009).
In the aorta repeated stimulation of ai-adrenoceptor and TAARi by phenylephrine and 
p-PEA, respectively, produced an increase in vascular tone on the second exposure. In 
the presence of AV-CHCI3 the enhancement of the maximum was totally inhibited.
^  I o  1
Further work in the role of intracellular Ca release and extracellular Ca influx have 
shown that that AV-CHCI3 is inhibiting intracellular Ca2+ release mechanisms regulated 
by the ryanodine receptors. This provides a sound mechanism in previous study for the 
observation that A. vulgaris extracts were effective in lowering rat blood pressure only 
in hypertensive states (Tigno et al., 2000a; Tigno et al., 2000b).
Trace amine associated receptors
Trace amine associated-receptors are a class of GPCRs identified in 2001 (Frascarelli et 
al., 2008; Zucchi et al., 2006). These receptors are also known as pharmacological 
targets of trace amines such as P-PEA, tyramine, and tryptamine (Broadley, 2010; 
Grandy, 2007).
Trace amines are endogenous biogenic amines with close similarity to the structure of 
major biogenic amines and overlapping functions with the aminergic pathways
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(Grandy, 2007; Premont et al., 2001). They are usually regarded as indirectly acting 
symphathomimetic amines (ISA) (Gilman et al., 1990). Actions of ISAs include 
inhibition of gut motility (Broadley et al., 2009; Innes et al., 1969), bronchodilatation 
(Hawthorn et al., 1985) and vasoconstriction (Broadley, 2010).
In the present study, p-PEA was used to stimulate TAARs in the ileum, trachea and 
aorta. In the guinea pig isolated gut preparations P-PEA caused contraction which 
agrees with previous reports (Innes et al., 1969) that p-PEA contracts the gut. This is 
opposite to the expected action of sympathomimetic amines which cause relaxation in 
the gastrointestinal tract due to the indirect activation by noradrenaline to the aj- and - 
pi adrenoceptors of the longitudinal smooth muscle (Ahlquist et al., 1959; Broadley et 
al., 2009; Grassby et al., 1987; Innes et al., 1969). Similar studies have also shown that 
the contractions due to P-PEA are not inhibited by adrenoceptor, 5 -HT2 receptor and 
muscarinic receptor antagonist in the gut (Broadley et al., 2009). Thus, it has been 
concluded that these contractions are mediated via TAARs.
In the guinea pig trachea P-PEA produces a biphasic response. At low concentrations a 
P-adrenoceptor-mediated relaxation occurs, followed by contraction. The relaxation 
was attributed to p-adrenoceptor stimulation because this was abolished by the p- 
adrenoceptor antagonist propranolol. However, the principal response is contraction, 
indicative of bronchoconstriction at higher P-PEA concentrations (Hawthorn et al., 
1985). Previously it was also reported that the depletion of catecholamines by pre­
treatment with reserpine produces a small shift of P-PEA to higher concentrations 
(Hawthorn et al., 1984). However, only a small fraction was attributed to an indirect
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effect because it did not affect the m axim um  contractile response (H awthorn et a l ,
1984).
In the guinea p ig  aorta, p-PE A  produced a vasoconstriction . Previous study has sh ow n  
that the vasoconstrictor action o f  P-PEA is resistant to  adrenoceptor inhibition in gu inea  
pig and rat aorta (Fehler et a l ,  2 0 1 0 ) and p ig  coronary b lood  v e sse ls  (B aker et a l ,  
2007; Herbert et a l ,  2 0 0 8 ). Therefore p-PE A  is not behaving as an ISA . T he  
progressive exhaustion  o f  stored adrenaline in repeated release from neuronal sites by  
IS A  leads to  tachyphylaxis, w hich  is a dim inishing response w ith  repeated exposure  
(B roadley, 2 0 1 0 ). H ow ever, the present study show ed that repeated exposure o f  p -P E A  
produces an enhancem ent o f  the vascular tone w hich  is opposite to the action o f  IS A s.
T he present results have therefore show n that p-PEA  o w es its pharm acological actions  
partly due to indirect sym phathom im etic effects but predom inantly to stim ulation  o f  
T A A R  receptors v ia  unidentified pathw ays.
7.2 Future work
In the present study, the m ethanolic extracts o f  Sesbania grandiflora  revealed  the  
presence o f  histam ine H i receptors and m uscarinic M 3 receptors antagonist. T herefore  
it is o f  interest to  carry out isolation  and structure identification  o f  th e  active  
com ponents that exhibit this antagonism . Further pharm acological evalu ation  o f  S. 
grandiflora  in trachea and aorta is also  o f  interest. The traditional b e l ie f  that the flow ers  
can low er b lood  pressure (Fojas et al., 1982) w hich  m ight be due to  the activation  o f  H i 
receptors and M 3 receptors that initiates N O  release should  be in vestigated  further.
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In the present study, the alkaloid extracts of Vitex negundo revealed the presence of 
histamine Hi antagonistic properties in the guinea pig ileum and trachea. Therefore it is 
of interest to also carry out bioassay-guided isolation to identify the active component 
that exhibits this antagonism.
The chloroform layer of A. vulgaris yielded histamine Hi antagonist components. The 
evaluation of the histamine Hi antagonism in the guinea pig ileum of the plant extract 
resulted to the isolation of two sesquiterpene lactones, yomogin and 1,2,3,4-diepoxy- 
ll(13)-eudesmen-12,8-olide. Therefore, it is of interest to further evaluate these 
compounds in the trachea and aorta.
In the present study, yomogin was found to have indirect histamine Hi antagonistic 
activity in the ileum. Because yomogin lacks the amine moiety that most antihistamine 
posses it is thought that it might be working in a novel mechanism. Therefore, further 
studies could focus on the elucidation of this mechanism.
In the present study the methanol layer of A. vulgaris also exhibited the presence of 
histamine Hi antagonist. Therefore it is of interest to also carry out bioassay-isolation to 
identify the active components that exhibits this antagonism.
In the aorta repeated stimulation of a i-adrenoceptor and TAARi by phenylephrine and 
p-PEA, respectively, produced an increase in vascular tone. In the presence of V. 
negundo and A. vulgaris extracts the enhancement of the maximum was totally 
inhibited. Therefore it is of interest to carry out bioassay-guided isolation to identify the 
active components.
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7.3 General Conclusion
The present study describes the preliminary evaluation of Philippine medicinal plants 
Artemisia vulgaris, Chrysanthemum coronarium, Moringa oleifera, Sesbania 
grandiflora and Vitex negundo for their antagonistic activity at selected biogenic amine 
receptors on smooth muscle of the airways, gastrointestinal tract and vascular system.
The methanolic extracts of S. grandiflora (flowers and leaves) revealed the presence of 
histamine Hi receptor and muscarinic M3 receptor antagonist activity in the guinea pig 
ileum. The A. vulgaris chloroform (AV-CHCI3) and methanol extracts (AV-MeOH), 
and the alkaloid layer of V. negundo (VN-E) showed histamine Hi antagonism in the 
guinea pig ileum and trachea. Further analysis of AV-CHCI3 isolated two major 
components, yomogin and l,2,3,4-diepoxy-ll(13)-eudesmen-12,8-olide. Yomogin a 
sesquiterpene lactone exhibited a novel histamine Hi receptor antagonism in the ileum.
Repeated exposure of aortic rings to concentration-response curves of phenylephrine 
and P-PEA resulted in a potentiation of the maximum response on the second exposure. 
Both the AV-CHCI3 and VN-E inhibited this increase in vascular tension due to the 
repeated stimulation by phenylephrine and p-PEA. Further analysis of AV-CHCI3 
revealed that it is inhibiting the increase of vascular tone mediated via intracellular Ca2+ 
release regulated by ryanodine. This provides a sound mechanism that A. vulgaris 
extracts effectively lowers the rat blood pressure only in hypertensive states (Tigno et 
al., 2000a; Tigno et al, 2000b). No antagonism of the selected biogenic amine 
receptors was observed for C. coronarium and M. oleifera extracts.
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My investigations on the selected medicinal plants have expanded the knowledge of 
their antagonistic properties in isolated tissues. This study also validates some of the 
traditional uses of the plants and offer insights into their roles in the treatment of 
diseases related to the gut, airways and vascular system. An aim of this thesis was to 
identify antagonism for TAARs since there are currently still no selective antagonists 
available. While a selective potentiation of the response to P-PEA by A. vulgaris 
methanol extracts was observed in trachea, no selective antagonistic activity of p-PEA 
over the other biogenic amines was found. The selective potentiation of p-PEA may 
suggest binding to new TAARs which further study may provide a clue to selective 
manipulation of the receptor.
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